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ABSTRACT
We present results of a UBV IC variability survey in the young open cluster NGC 2244.
In total, we found 245 variable stars. Most of them, 211 stars, are variables with
irregular variations. Furthermore, 23 periodic variables were found. We also detected
four candidates for δ Scuti stars and 7 eclipsing binaries.
Based on the mid-infrared Spitzer and WISE photometry and near infrared JHKS
2MASS photometry we classified 104 young stellar sources among our variables: 1
Class I object, 1 Class I/flat spectrum object, 4 flat spectrum objects, 91 Class II objects
and 7 transition disk objects. This classification, together with r′i′Hα IPHAS photom-
etry and JHK UKIDSS photometry, were used for identification of pre-main sequence
stars among irregular and periodic variables. In this way, 97 CTTS candidates (96 ir-
regular and one periodic variable), 68 WTTS candidates (54 irregular and 14 periodic
variables) and 6 Herbig Ae/Be stars were found.
For 223 variable stars we calculated membership probability based on proper mo-
tions from Gaia DR2 catalogue. Majority of them, 143 stars, are cluster members with
probability greater than 70 percent. For only 36 variable stars the membership proba-
bility is smaller than 20 percent.
Key words: open clusters and associations: individual: NGC 2244 – photometric –
stars: pre-main sequence, circumstellar matter – infrared: stars – stars: variables: T
Tauri, Herbig Ae/Be, δ Scuti stars, eclipsing binaries.
1 INTRODUCTION
Stars in open clusters form in approximately the same chem-
ical environment and have nearly the same age and distance.
Multiwavelength photometry of young stellar clusters allows
studying stars at the pre-main sequence (PMS) stage of evo-
lution. The photometric variations in these stars are believed
to originate from several mechanisms like rotation of a spot-
ted star or obscuration by circumstellar matter (see Herbst
et al. 1994, and references therein). PMS stars are usually di-
vided into two main groups: low mass (<2.5 M) T Tauri
stars (TTSs) and more massive (1.5 – 15 M) Herbig Ae/Be
(HAeBe) stars (Artemenko et al. 2010). Depending on the
strength of the emission in the Hα line, the TTSs are di-
vided into weak line TTSs (WTTSs; with equivalent widths
(EW), smaller than 10 A˚) and classical TTSs (CTTSs; with
EW>10 A˚). Both WTTSs and CTTSs show brightness varia-
tions in X-ray, ultraviolet, optical and infrared domains.
Photometric variability of CTTSs is irregular. It may be
attributed to unsteady accretion from the circumstellar disk
as well as rotation of the surface hot and dark spots. The am-
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plitudes range from few hundredths to several magnitudes in
V band (Herbst et al. 2000). The light variations of WTTSs
are periodic and related to the rotation of large dark spots on
stellar surface. Typical periods of such changes range between
0.5 and 18 days with amplitudes between 0.03 and 0.3 mag
in V band (Semkov 2011).
The HAeBe stars, defined by Herbig (1960), have spectral
types earlier than F5 and are characterized by broad emission
lines and infrared excess due to a circumstellar disk. They are
often located in obscured regions, in the vicinity of bright neb-
ulae. Their light variability is irregular, connected with accre-
tion processes and dust clumps in the surrounding disk. Light
curves of many HAeBe stars with spectral types later than A0
and some TTS show 1 – 3 mag deep algol-like minima lasting
several days to weeks. This class of variable is called UX Orio-
nis stars (UXors), after the prototype star UX Ori (Herbst et al.
1994).
The other interesting group of variable PMS stars are
low-mass FU Orionis stars (Herbig 1977) – FUors. The char-
acteristic feature of these objects is an increase in brightness
by about 3 – 6 mag, lasting several months, followed by a slow
decay over several years. The brightening is caused by a sud-
den change in the accretion rate from about 10−7M yr−1
(typical for TTSs) to 10−4M yr−1. Their spectral types
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change from typical for TTS to F or K-type supergiant. The
third group of irregularly variable PMS stars are EXors, after
the prototype, EX Lupi (Herbig 1989). These stars repeatedly
undergo increase in brightness by about 1 – 4 mag, and, after
a few weeks or months, fade back to their original brightness.
The observations (in particular, of stars in very young
open clusters) show that some PMS stars pulsate or at least
some candidates for PMS pulsating stars can be indicated. In
recent years, the number of known PMS pulsating stars in-
creased largely. The most common are PMS δ Sct-type (Zwintz
2008; D´ıaz-Fraile et al. 2014) and γ Dor-type stars (Zwintz
et al. 2013). A hybrid δ Sct/γ Dor candidate was even found
(Ripepi et al. 2011). By now, no confirmed SPB or β Cephei-
type PMS star is known, however, although two suspected
PMS SPB stars were discovered from the optical photometry
obtained by MOST satellite in the region of NGC 2244 (Gru-
ber et al. 2012).
In this paper, we present the results of the search for vari-
able stars in the very young open cluster NGC 2244. The paper
is organized as follows. First, we briefly introduce the cluster,
our photometric observations, reduction process and transfor-
mation to the standard system (Sect. 2). Variable stars found
in the field we observed and their membership probability
are presented in Sect. 3 and Sect. 4, respectively. The identi-
fication of Young Stellar Objects based on Spitzer and 2MASS
photometry is described in Sect. 5. The classification of PMS
variables is discussed in Sect. 6. The results are summarized
in Sect. 7.
2 THE CLUSTER AND ITS UBV IC PHOTOMETRY
2.1 The cluster
The very young open cluster NGC 2244 is associated with the
famous Rosette Nebula and located in the Perseus Arm of the
Galaxy. Its age, based on isochrone fitting, was estimated for
2 – 4 Myr, the distance for 1.4 – 1.7 kpc, and the reddening, in
terms of the colour excess E(B − V ), for 0.47 mag (Ogura &
Ishida 1981; Hensberge et al. 2000; Park & Sung 2002). The
cluster is embedded in H II region and is rich in O and B-type
stars. Its photometric UBV IC and Hα study was performed
by Park & Sung (2002). They classified about 30 O and B-
type cluster members. They also discovered 21 PMS stars with
Hα in emission (four of them are massive HAeBe stars) and
six PMS candidates with detectable X-ray emission. A large
population of PMS stars in NGC 2244 was also reported by
Bonatto & Bica (2009) and Bergho¨fer & Christian (2002).
The cluster contains O-type β Cephei type star (Briquet
et al. 2011), double-lined eclipsing binary V578 Mon (Hens-
berge et al. 2000) and several other spectroscopic binaries.
It also contains one known Ap star, NGC 2244-334 (Bagnulo
et al. 2004), having strong magnetic field. This star, however,
was outside the field we observed.
2.2 Observations and reductions
The photometric observations of NGC 2244 were carried out
with the Yale SMARTS 1-m telescope at Cerro Tololo Inter-
American Observatory (CTIO) in Chile. The telescope was
equipped with Y4KCam CCD camera covering about 20′×20′
area in the sky. Between December 24, 2008 and January 8,
2009, we collected about 2000 frames in V filter, 170 frames
in IC filter, 150 in B filter, and 70 in U filter. The exposure
times ranged from 15 to 200 s, depending on the filter, seeing
and sky transparency. All frames were calibrated with the use
of Phil Massey scripts1 designed to Y4KCam. Then, the images
were reduced with the DAOPHOT II package (Stetson 1987,
Stetson 1992).
2.3 Transformation to the standard system
Our photometry was transformed to the standard system.
Since many observed stars show irregular variability, we de-
cided to calculate mean instrumental magnitudes and colours
applying 2σ clipping. Then, these mean values were tied to
the UBV IC photometry of NGC 2244 published by Park &
Sung (2002). The transformation was based on the photom-
etry of about 400 stars common with these authors. The fol-
lowing transformation equations were obtained:
V − v = (0.009± 0.003)× (v− i) + (13.0030± 0.0017), (1)
V − IC = (0.993± 0.002)× (v− i) + (0.9920± 0.0009), (2)
B − V = (0.855± 0.003)× (b− v) + (0.6754± 0.0010), (3)
U −B = (1.107± 0.008)× (u− b) + (0.104± 0.003), (4)
where u, b, v and i denote the mean instrumental magnitudes
from our photometry, while U , B, V , and IC, the standard
magnitudes. The residual standard deviations for the trans-
formation equations were equal to 0.030, 0.016, 0.014 and
0.034 mag for Eq. (1), (2), (3), and (4), respectively.
From the above equations, we computed V magnitudes
and the (V −IC) colour indices for 4058 stars, and the (U−B)
and (B − V ) colour indices for 989 and 1347 stars, respec-
tively. Standard photometry of the variable stars is given in
Table A12 in Appendix. The equatorial coordinates shown in
this Table A1, were determined by means of an astrometric
transformation of mean stellar positions derived from images
with the use of IRAF ccmap/cctran tasks. As a reference cata-
logue, we used the UCAC4 catalogue (Zacharias et al. 2013).
2.4 UBV IC photometry
The magnitudes and colours derived in Sect. 2.3 are shown
in the V vs. (B − V ) and V vs. (V − IC) colour–magnitude
diagrams (Fig. 1), and in the (U−B) vs. (B−V ) and (U−B)
vs. (V − IC) colour–colour diagrams (Fig. 2). The distance of
1.7 kpc, i.e. (m−M)0 = 11.1 mag, the mean colour excesses
E(B − V ) = 0.47 mag, E(V − I) = 0.6 mag and the total
absorption in V , AV = 1.46 mag, were adopted from Park &
Sung (2002). As can be seen in these figures, many stars are
in their PMS phase of evolution and plenty of them are vari-
able (coloured symbols). Their position spread between 0.5
and 10 Myr in the colour–magnitude diagrams may be caused
by differential reddening towards NGC 2244, mentioned by
Bergho¨fer & Christian (2002), or the stars were formed not at
the same time. The variable reddening towards the early-type
stars in NGC 2244 was reported by Massey et al. (1995) who
1 http://www2.lowell.edu/users/massey/obins/y4kcamred.html.
2 The full version of Table A1 is available in electronic form from the
CDS.
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Figure 1. Variable stars in V vs. (B−V ) (left) and V vs. (V −IC) (right) colour-magnitude diagrams for the observed field. The symbols indicate
variable stars found in this paper: pulsating stars(red squares), eclipsing stars (pink diamonds), other periodic variables (green) and remaining
variables (blue). Some variables discussed in text are labeled. The ZAMS relation (thick line) was taken from Pecaut & Mamajek (2013). The
isochrones (dotted lines) for 0.1, 0.5, 1, 2, 6, 10, and 100 Myr were taken from Bressan et al. (2012).
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Figure 2. Variable stars in (U−B) vs. (B−V ) (left) and (U−B) vs. (V −IC) (right) colour-colour diagrams for the observed field. The symbols
are the same as in Fig. 1. The dashed lines represent intrinsic relations for dwarfs (black) and for giants (blue) taken from Caldwell et al. (1993).
The solid lines are the relations shifted adopting E(B− V ) = 0.47 mag, E(V − IC) = 0.6 mag and E(U −B)/E(B− V ) = 0.72 (Massey et al.
1995).
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Figure 3. Schematic map of the observed field. Variable stars are
marked with colours: pulsating stars (red squares), eclipsing stars
(pink diamonds), other periodic variables (green circles) and remain-
ing variables (blue circles). Some variables discussed in text are la-
beled.
obtained minimum and maximum values of E(B − V ) equal
to 0.38 and 0.85, respectively. The estimation of masses and
ages for PMS stars depends a lot on the adopted theoretical
models of evolution (Bell et al. 2013).
As can be seen in Fig. 1, some stars lie close to or on the
left side of ZAMS line. They are not cluster members. Among
them, there are four eclipsing binaries, two δ Scuti candidates
and several other variables. They are marked as ”nm” in the
last column in Table A1 in the Appendix.
3 VARIABLE STARS IN THE OBSERVED FIELD
The variability search was based mainly on the Fourier pe-
riodograms, calculated up to 80 d−1. In addition, the light
curves, periodograms and phased light curves for all stars
were inspected by eye. Out of over 4000 stars in the observed
field, 245 turned out to be variable. The brightest stars in our
observations are strongly saturated. Since the Y4KCam is read
out through four amplifiers, the saturation in one quadrant
causes significant crosstalk, saturated in the remaining quad-
rants. This could have affected photometry of some stars.
In this section we present the main properties of the vari-
able stars which we divided into four groups: pulsating stars,
binary stars, other periodic variables and the remaining vari-
ables. Their location in schematic map of observed field is
shown in Fig. 3. Some examples of variable stars in the clus-
ter field were already announced by Michalska (2014).
3.1 Pulsating variables
There is one O-type star in NGC 2244, HD 46202 (Massey,
Johnson & Degioia-Eastwood 1995), which was reported to
be β Cephei type star (Briquet et al. 2011). Based on CoRoT
data, the authors found eleven oscillations with frequencies
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Figure 4. The percentage of correct frequency detections for time
series of observed pulsating stars vs. signal to noise. Dashed line
represents the confidence level equal to 80% which corresponds to
S/N=4.65.
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Figure 5. Fourier frequency spectrum of the V -filter data of star 5:
original data (top), after removing f1 and fx (middle) and after re-
moving f1, fx, f2, f3 and f4 (bottom).
between 0.5 and 5 d−1 and amplitudes of about 0.1 mmag
or less. We observed this star, but apparently the amplitudes
were below our detection threshold. We did not find any β
Cephei or SPB stars in our photometry, but it cannot be ex-
cluded that some of early type stars, saturated in our data,
pulsate. Two SPB stars discovered by Gruber et al. (2012)
were outside our field of view.
Out of 245 variables detected in the observed field, four
appear to be δ Scuti stars. The parameters of the sinusoidal
terms (frequencies, fi, amplitudes, Ai, and phases, φi) for
these stars, were derived by fitting the formula
〈m〉+
n∑
i=1
Ai sin(2pifi(t− T0) + φi) (5)
to the differential magnitudes. In Eq. (5) 〈m〉 is the mean
differential magnitude, n, the number of fitted terms, t, the
time elapsed from the initial epoch T0 = HJD 2455000. The
parameters of the fit are listed in Table 1. Instead of φi, we
provide the time of maximum light, Tmax.
In order to evaluate signal-to-noise, S/N, corresponding
c© 2018 RAS, MNRAS 000, 1–??
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Table 1. Parameters of the sine-curve fits to the B, V and IC differential magnitudes of the pulsating stars detected in the observed field. The
numbers in parentheses denote the r.m.s. errors of the preceding quantities with the leading zeroes omitted. The σres is the residual standard
deviation, Nobs stands for the number of observations, S/N is the signal-to-noise ratio.
star fi Filter Nobs Ai Tmax − T0 S/N σres Spectal Other
[d−1] [mmag] [d] [mmag] type name
5 31.3106(12) f1 B 130 5.7(5) 5195.6258(04) 8.8 3.7 A0/A2 W69
V 1676 4.0(1) 5197.1584(02) 20.8 3.7
2.0195(33) fx V 1.5(2) 5197.1268(97) 7.9
16.9867(34) f2 V 1.4(1) 5197.1210(09) 7.1
23.1527(54) f3 V 0.9(1) 5197.1634(10) 4.6
20.6854(48) f4 V 1.0(1) 5197.1412(10) 5.0
18 8.4058(09) f1 V 1664 18.7(5) 5197.1658(04) 32.1 10.1 W1689
13.1906(15) f2 V 11.0(5) 5197.1125(04) 18.9
9.1657(22) f3 V 10.8(5) 5197.1433(07) 18.4
16.0898(24) f4 V 14.0(8) 5197.1123(04) 24.0
9.6204(18) f5 V 10.8(5) 5197.1683(06) 18.5
13.6769(21) f6 V 7.0(5) 5197.1124(04) 12.0
16.3034(28) f7 V 5.8(4) 5197.1163(06) 9.9
15.0569(52) f8 V 5.9(8) 5197.1625(10) 10.1
16.8370(23) f9 V 7.0(4) 5197.1385(05) 12.0
7.0495(33) f10 V 4.6(4) 5197.1327(20) 8.0
10.1020(44) f11 V 5.1(4) 5197.1656(12) 8.7
2.1164(35) fx V 4.1(4) 5197.3522(72) 7.1
10.5279(44) f12 V 4.5(5) 5197.1171(15) 7.8
13.8981(41) f13 V 4.1(4) 5197.1481(11) 7.0
16.9900(52) f14 V 4.3(5) 5197.1508(09) 7.3
7.2741(44) f15 V 3.9(5) 5197.2108(25) 6.7
75 11.5336(13) B 148 43.6(67) 5196.262(3) 5.4 57.0
V 2011 26.4(11) 5198.6010(5) 17.5 31.9
IC 167 15.9(25) 5196.959(2) 5.3 21.7
92 20.147(4) V 2033 8.7(11) 5198.555(1) 5.9 35.7
to the the probability of finding real signal equal to 80%,
we used the method described by Baran et al. (2015). First,
1000 files with Gaussian noise for a given standard devi-
ation were generated, and the average noise in the peri-
odogram was calculated. Then, a sinusoidal signal in the form
ofA sin(2pift+φ) was added. In this formula, t represents the
time of observation, φ is the phase taken as random value in
the range [0,2pi], and A is amplitude of the signal covered
the range of signal-to-noise (S/N) between 1 and 8, with the
step of 0.05 mmag. For each amplitude, we generated 1000
time-series datasets for which Fourier periodograms were cal-
culated and the number of files with peak at the added fre-
quency was counted. As can be seen in Fig. 4, the detec-
tion threshold with the 80% confidence level corresponding
to S/N=4.64. For this reason, in Table 1 we show only the
frequencies with S/N>4.6.
One of δ Scuti candidates is star 5 (GSC 00154-01743).
The Fourier frequency spectrum of its V -filter data (Fig. 5)
reveals frequency f1 = 31.3106 d−1. After prewhitening orig-
inal data with this frequency, we found the frequency fx =
2.0195 d−1 (likely instrumental) and three other significant
terms with frequencies f2 = 16.9867 d−1, f3 = 23.1527 d−1
and f4 = 20.6854 d−1, typical for δ Scuti stars. The spec-
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Figure 6. Fourier frequency spectrum of the V -filter data of the δ
Scuti candidate, star 18, at four steps of prewhitening.
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Figure 7. Fourier frequency spectrum of the V -filter data of the δ
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Figure 8. Fourier frequency spectrum of the V -filter data of the δ
Scuti candidate, star 92: original data (top), after removing f =
20.147 d−1.
tral type in WEBDA3 database, reported by Kuznetsov (1986)
is A0. In Simbad database the spectral type of star 5 is A2.
The fitted spectral type, derived from synthetic photometry by
Pickles & Depagne (2010), is B8V, however, it appears to be
too early for δ Scuti star. The position in (U −B) vs. (V − IC)
colour-colour diagram (Fig. 2) indicates that this star is not
a member of NGC 2244. The probability of its membership
ranges between 0.16 (Marschall et al. 1982) and 0.88 (Chen
et al. 2007). Based on Gaia proper motions we obtained the
probability equal to 0.27 (Sect. 4).
For three other δ Scuti candidates the spectral types are
not available. Using prewhitening method with the subse-
quent strongest modes we found fifteen frequencies in Fourier
periodogram of star 18 (Fig. 6). The periods, the multiperiod-
icity and the shape of light curve are typical for a δ Scuti star.
In each of two other stars, star 75 and 92, we found only one
frequency of variability, characteristic for δ Scuti-type vari-
ables: f = 11.5336 d−1 (Fig. 7) and f = 20.147 d−1 (Fig. 8),
respectively.
Assuming that all four δ Scuti candidates are cluster
members, we calculated absolute magnitudes, MV , and (B−
V )0 adopting AV = 1.46 mag, E(B − V ) = 0.47 mag and
the distance modulus equal to 11.1 mag found by Park &
Sung (2002). These values for two δ Scuti candidates, star 5
and 18, are plotted in colour-magnitude diagram (Fig. 9) to-
gether with 18 pulsating PMS stars and candidates from clus-
ters (blue dots) and two pulsating PMS field stars with best
3 The WEBDA database is available at
http://www.univie.ac.at/webda/.
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Figure 9. Position of two δ Scuti candidates, star 5 and 18 (red dots)
in HR diagram. Additionally, 18 pulsating PMS stars and candidates
from clusters (blue dots) and two pulsating PMS field stars (green
dots) taken from Zwintz (2008) are plotted. The ZAMS (solid line),
the borders of the classical δ Scuti instability strip (dotted lines) and
classical δ Scuti stars (grey dots) were transformed from the data of
Rodr´ıguez & Breger (2001). The dashed line represents isochrones
for 6 and 10 Myr taken from Bressan et al. (2012).
parallaxes (green dots), taken from Table 3 and 4 of Zwintz
(2008), respectively. The author notified that PMS pulsators
occupy the same instability region in H-R diagram as classi-
cal δ Scuti stars, marked with grey dots in Fig. 9. We derived
their (B−V )0 from (b−y)0 colours published by Rodr´ıguez &
Breger (2001)4 using transformation given by Caldwell et al.
(1993). The instability strip (dotted line) and ZAMS (solid
line) were also transformed from the data of Rodr´ıguez &
Breger (2001). As can be seen in this diagram, star 18 is
situated inside the instability strip. Its position is quite close
to ZAMS and it appears to be older than cluster members.
The membership probability determined in Sect. 4 is equal
to 62.2%. Furthermore, its position in V vs. (B − V ) and V
vs. (V −IC) colour-magnitude diagrams (see Fig. 1) indicates
this star is rather old.
Since the (B − V )0 colours of star 75 and star 92 are
greater than 0.5 and MV is close to 5 mag, we did not show
them in Fig. 9. If these stars are of δ Scuti-type, they are field
stars, located beyond NGC 2244. Their membership probabil-
ity determined in Sect. 4 is equal to 1.1% and 0% for star 75
and 92, respectively. The star 5 have (B − V )0 = −0.05 and
it is outside the instability strip borders. This indicates it is
likely a foreground star.
3.2 Binary stars
We identified seven stars (WEBDA numbers: 59, 80, 119, 128,
133, 194, and 201), previously known as single lined spectro-
scopic binaries (Huang & Gies 2006). All they are not variable
in our data. In the observing field there are also two double-
lined spectroscopic stars, HD 46149 (Mahy et al. 2009) and
HD 46150 (Chini et al. 2012). The primary components of
both systems are O-type stars. Unfortunately, they are satu-
rated in our photometry.
NGC 2244 contains a close visual pair, HD 46180 (VA =
4 http://www.iaa.es/ eloy/dsc00.html
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Figure 10. Phase diagrams of the V -filter ASAS observations and our
BV IC observations of eclipsing system V578 Mon. Offsets were ap-
plied to separate light curves in different bands.
Table 2. Parameters of eclipsing binary stars found in the observed
field. The depths of eclipses are given for the V -filter observations.
The numbers in parentheses denote the r.m.s. errors of the preceding
quantities with the leading zeroes omitted.
Star Period TminI [d] Eclipse depth
[d] HJD-2450000 I [mag] II [mag]
1 2.411(1) 5203.7289(33) 0.11 0.08
1? 2.408544(1) 3142.0074(04) 0.16 0.07
19 1.7789(17) 5199.4827(49) 0.12 0.12
48 7.3415(86) 5201.146(24) 0.27 0.17
54 0.50241(1) 5197.1875(06) 0.92 –
72 0.72276(10) 5193.07235(6) 0.16 0.04
170 0.58681(11) 5197.9792(22) 0.30 0.15
205 0.26582(2) 5194.2811(03) 0.44 0.38
? for V -filter ASAS data
9.2, VB = 10.3, ρ = 5.1 arcsec and θ = 82◦; Mason
et al. 2001). Based on DDO (David Dunlap Observatory) spec-
troscopy obtained for MOST variables, Pribulla et al. (2009)
discovered that HD 46180 is a quadruple system composed
of two binary stars. One pair is an eclipsing system with
the orbital period of about 3.09 d and amplitude 0.016 mag
(Pribulla et al. 2010). Unfortunately, HD 46180 and the other
star are not resolved in our data, and they are saturated. Con-
sequently we are not able to detect any eclipses.
There is also a well-known eclipsing system V578 Mon in
the observed field (star 1 in our list of variable stars). Accord-
ing to Hensberge, Pavlovski & Verschueren (2000), this binary
has an orbital period equal to 2.40848 d, and consists of two
massive (M1 = 14.54 ± 0.08 M and M2 = 10.29 ± 0.06
M) early B-type stars (B1V+B2V). The age of the system
and the distance derived by these authors are equal to 2.3±0.2
Myr and 1.39±0.1 kpc, respectively. The eccentricity of about
0.077 and apsidal motion equal to 0.071 deg cycle−1 (ap-
sidal period equal to 33.48 yr) were determined by Garcia
et al. (2011). The absolute dimensions of V578 Mon were
recently determined by Garcia et al. (2014). They found the
radiiR1 = 5.41±0.04R andR2 = 4.29±0.05R, and effec-
tive temperatures T1 = 30000± 500 K and T2 = 25750± 435
K.
The BV IC phased diagram of V578 Mon is shown in
Fig. 10. Since this bright system (V = 8.5 mag) is partially
saturated in our photometry, we were not able to determine
the period accurately. For this purpose, we used ASAS data
(Pojman´ski 2003) and we got P = 2.408544 d which is con-
sistent with the period of Hensberge, Pavlovski & Verschueren
(2000).
V578 Mon was also observed by MOST. Based on this
photometry, Pribulla et al. (2010) found the orbital period
P = 2.40860 d. Adopting mass ratio q = 0.71 from spec-
troscopy, they obtained inclination i = 73.1◦, the relative radii
r1 = 0.254 and r2 = 0.178, the eccentricity e = 0.066 and sur-
prisingly low for early B-type stars the effective temperatures,
T1 = 16980 K and T2 = 13310 K.
The other eclipsing system found in our data is V552
Mon (star 54 in our list of variable stars). In General Cata-
log of Variable Stars (GCVS) its type of variability has been
assigned as IN:, i.e. probable irregular eruptive star (Samus
et al. 2009). There is no information about variability and
spectral type of five other eclipsing binaries (19, 48, 72, 170,
205). The periods, the times of minimum, and the eclipse
depths for each eclipsing binary are given in Table 2. The
phase diagrams are shown in Fig. 11.
The positions of systems 19 and 48 in the V − (V − IC)
colour-magnitude diagram (Fig. 1) indicate that they can be
cluster members. Four other binaries (54, 72, 170 and 205)
are close to ZAMS in this diagram, so they are probably non-
members. It cannot be excluded, however, that the changes in
their light curves some of them are caused by cool spots. This
type of variability is described in Sect. 3.3.
We found many variables with evident eclipse in their
light curve, showing also another type of variability. For this
reason we describe them in Sect. 3.4, together with other ir-
regular variables.
3.3 Other periodic variables
In addition to pulsating stars (Sect. 3.1) and eclipsing systems
(Sect. 3.2) we found a group of 23 other periodically variable
stars. Their periods, times of the maximum and amplitudes
are listed in Table 3. The phase diagrams of these stars are
available online in electronic version. In colour-magnitude
(Fig. 1) and colour-colour (Fig. 2) diagrams these stars are
marked as green dots. Almost all these stars appear to be
cluster members. The shape of light curves and the position
in colour-magnitude diagram indicate that most of these pe-
riodic stars may be WTTS stars.
The WTTSs do not have active accretion disks and the
changes in their light curves are mainly caused by cool spots
(Bouvier et al. 1993, Herbst et al. 1994). As we mentioned
in the Introduction, the typical periods of such variability are
0.5–18 d (Semkov 2011). Our observations do not allow to
derive the longest periods from this range, so that in Table 3
we list stars only with periods shorter than half of the observ-
ing time. We did not find any star with period shorter than
one day, although, in other clusters, e.g. NGC 2282, there are
up to 50% of such stars (Dutta et al. 2018).
The faster rotation of the stars with decreasing masses is
clearly seen in old open clusters (Henderson & Stassun 2012).
Some authors, however, show correlation between periods
and masses of stars in young open cluster. Lata et al. (2012),
who analyzed PMS variable stars of NGC 7380, NGC 1893 and
Be59, show that stars with masses greater than 2 M rotate
c© 2018 RAS, MNRAS 000, 1–??
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Figure 11. Phase diagrams of six eclipsing systems (star 19, 48, 54, 72, 170 and 205). Offsets were applied to separate light curves in different
bands.
Table 3. Parameters of 23 periodic variable stars found in the
observed field determined from the V -filter observations (T0 =
2450000). The numbers in parentheses denote the r.m.s. errors of
the preceding quantities with the leading zeroes omitted.
Star Period Tmax − T0 Amplitude
[d] [d] [mmag]
11 1.39484(45) 5198.3285(18) 25.0(02)
20 2.3533(10) 5198.2599(24) 63.5(04)
27 2.9650(30) 5197.988(64) 37.8(61)
43 2.9207(21) 5197.1121(78) 170.3(24)
53 5.715(16) 5196.617(11) 69.7(07)
57 1.73898(41) 5197.36557(91) 361.9(10)
59 1.7338(11) 5199.1084(41) 58.4(09)
62 3.8134(68) 5196.9136(65) 92.5(10)
79 2.2971(17) 5198.6714(39) 100.5(12)
85 4.1615(99) 5200.3439(92) 82.2(12)
90 2.72813(65) 5199.5292(16) 388.3(14)
93 1.58577(91) 5198.5312(26) 132.9(13)
95 1.5282(13) 5198.6391(34) 89.3(12)
100 1.8069(14) 5198.3071(37) 111.1(14)
103 1.6836(16) 5198.3854(59) 58.96(13)
105 5.212(18) 5196.195(13) 86.4(15)
113 1.10223(34) 5198.5434(21) 174.3(19)
135 1.07587(73) 5199.3193(33) 95.9(18)
137 4.4913(51) 5199.7514(99) 231.0(34)
151 2.3023(24) 5196.3062(51) 187.4(24)
166 5.142(17) 5198.089(13) 173.1(27)
182 4.9095(86) 5196.773(14) 257.3(46)
192 6.880(23) 5196.916(20) 176.4(34)
faster. The opposite dependence was found by Lamm et al.
(2005) who studied the period distribution of PMS variables
in Orion Nebula Cluster and in NGC 2264. They show that low
mass stars rotate faster, on average, then high mass stars. In
 13
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1.5 M⊙
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Figure 12. Position of the periodic variables in the colour-magnitude
diagram. The ZAMS relation for Z=0.02 (thick line) was taken from
Pecaut & Mamajek (2013). The symbols represent four ranges of pe-
riods: 1–2 days (blue dots), 2–3 days (green squares), 3–5 days (red
triangles) and more than 5 days (magenta diamonds). The isochrones
(dotted lines) for 0.1, 0.5, 1, 2, 6, 10, and 100 Myr and mass tracks
(dashed lines) were taken from Bressan et al. (2012). We adopted
here mean values of E(V − IC) = 0.6 mag, AV = 1.46 mag and
(m−MV)0 = 11.1 mag.
order to verify if there is any relation in our sample of periodic
variables, we checked their position in the colour-magnitude
diagram shown in Fig. 12. The coloured symbols in this dia-
gram represent four ranges of periods: 1–2 days (blue dots),
2–3 days (green squares), 3–5 days (red triangles) and more
than 5 days (magenta diamonds). The isochrones and mass
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tracks were taken form Bressan et al. (2012). As can be seen
in this figure, the stars with different periods are distributed
in a wide range of masses. However, we note that in our sam-
ple there are no stars with periods of less than 1 day and more
then 7 days.
3.4 Irregular variables
The remaining 211 variable stars are classified as irregular.
Their light curves are available online in electronic version.
As can be seen in these figures, the range of light variation of
some stars is greater than 0.5 mag (e.g. stars 149, 186, 216,
and 232). Some of them show an increase in the light similar
to those observed in FUors (e.g. variable 34 and 131) or EXors
(e.g. variable 83, 211) stars, but the time scale of variations
is much shorter.
Almost all irregular variables lie between 0.1 and 6 Myr
isochrones in the V vs. (V − IC) colour-magnitude diagram
(Fig. 1), in the region of pre-main sequence stars. The vari-
ability of these stars can be therefore caused by changes
in the accretion disks and hot spots which is typical for
CTTSs (Herbst et al. 1994, Kurosawa & Romanova 2013).
The eclipses in the light curves which can be seen in some
of them (82 and 149) indicate that these stars are obscured
by the dust clumps although they can be members of binary
or multiple systems.
Five irregular variable (star 2, 3, 9, 50, and 67) have
strong Hα emission (Park & Sung 2002). Three of them, star
2 (spectral type B4 Ve), star 3 (B7 Ve) and star 9, are marked
by these authors as HAeBe candidates. Strong emission in Hα
line of stars 2, 3 and 6 was notified by Li et al. (2002) who
classified star 3 as Herbig Be and star 6 (spectral type F3 Ve)
as HAeBe candidate.
In addition to CTTSs and HAeBe, among irregular vari-
ables, we can also find WTTS stars. Some more details about
classification of PMS variable stars can be found in Sect. 6.3.
4 MEMBERSHIP
An important step in studying a cluster is the determination of
the membership in its field. Some non-members can be iden-
tified using the colour-magnitude diagram. The V − (V − IC)
colour-magnitude diagram for the observed stars is shown in
the left panel of Fig. 13. As we mentioned in Sect. 2, the age
of NGC 2244 was estimated at 2 – 4 Myr so that we consid-
ered stars below the 10 Myr isochrone (blue line in Fig. 13)
as non-members.
The other way of membership determination is the use
of proper motions. A statistical method was proposed by
Vasilevskis et al. (1958) who used the distribution functions
of proper motions for cluster and field stars to derive mem-
bership probability for individual stars. The method was mod-
ified over the years (Sanders 1971, Zhao & He 1990). In this
paper, we applied the method used by Sariya et al. (2012)
who defined the membership probability of the ith star as
Pµ(i) =
nc . φ
ν
c (i)
nc . φνc (i) + nf . φνf (i)
, (6)
where nc and nf are the normalized numbers of stars for clus-
ter and field (nc + nf = 1) and φνc and φ
ν
f are the frequency
distribution functions for the cluster and field stars, defined
as:
φνc =
1
2pi
√
(σ2xc + 2xi)(σ
2
yc + 2yi)
× exp
{
−1
2
[
(µxi − µxc)2
σ2xc + 2xi
+
(µyi − µyc)2
σ2yc + 2yi
]}
(7)
and
Φνf =
1
2pi
√
(1− γ2)√(σ2xf + 2xi)(σ2yf + 2yi)
× exp
{
− 1
2(1− γ2)
[
(µxi − µxf )2
σ2xf + 
2
xi
−2γ(µxi − µxf )(µyi − µyf )√
(σ2xf + 
2
xi)(σ
2
yf + 
2
yi)
+
(µyi − µyf )2
σ2yf + 
2
yi
]}
, (8)
where µxi and µyi are the proper motions of the ith star
(µxi = µα cos δ and µyi = µδ of the ith star) with errors
xi and yi, respectively. The parameters µxc and µyc define
the cluster proper motion centre with dispersions σxc and
σyc, while µxf and µyf are the field proper motion centre
with dispersions σxf and σyf , respectively. The correlation
coefficient γ was calculated by
γ =
(µxi − µxf )(µyi − µyf )
σxfσyf
, (9)
In order to find the membership probability for each star
we observed, we used the proper motions from the Gaia DR2
catalogue (Gaia Collaboration et al. 2016, Gaia Collaboration
et al. 2018). For about 4000 stars in the observed field, we
searched for Gaia counterparts in the search radius of 1′′. Us-
ing the sample of about 50 stars with membership probability
greater than 70% from the catalogue of Park & Sung (2002),
the mean proper motion of the cluster were calculated us-
ing 3σ clipping. We obtained µα cos δ = −1.69 mas yr−1 and
µδ = 0.32 mas yr−1 with standard deviation σµα = 0.30
and σµδ = 0.35, respectively. The proper motions from Gaia
DR2 catalogue are shown in the right panel of Fig. 13. As
we can see, most of our variable stars have proper motions
concentrated around the calculated center (black cross). We
assumed that cluster stars are within an ellipse with semi-axis
equal to 3σµα and 3σµδ . We find 426 stars within this area,
for which V magnitudes and (V − IC) colours placed them
above 10 Myr isochrone in V − (V − IC) colour-magnitude
diagram. For this sample we calculated mean proper motion
of the cluster µxc = −1.67 and µyc = 0.23 mas yr−1 with
dispersions σxc = 0.34 and σyc = 0.41 mas yr−1. For the re-
maining 3546 stars we calculated the mean proper motion of
field stars µxf = −0.14 and µyf = −1.22 mas yr−1 with dis-
persions σxf = 3.87 and σyf = 4.00 mas yr−1. These values
allow to calculate frequency distribution functions φνc and φ
ν
f ,
and then the probability Pµ(i) for each star. The probabilities
for variable stars are shown in Table A1.
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Figure 13. Left: Colour-magnitude diagram for about 3600 stars in the observed field. Right: Proper motions distribution for about 3600 stars in
the observed field. Green circles represent variable stars falling into the oval area around mean proper motion of NGC 2244 (black cross), red
circles – variable stars with V and (V − IC) below isochrone 10 Myr (blue line), black circles – other variable stars.
5 IDENTIFICATION OF YOUNG STELLAR OBJECTS
Before we classify the PMS variable stars, described in
Sect. 3.3 and 3.4, first we deal with the classification of
young stellar objects (YSOs). The YSOs comprise both pro-
tostars and PMS stars. The YSOs are frequently embedded in
their parental molecular clouds or have circumstellar disks.
The presence of the embedding matter makes classification
based on the infrared data quite obvious. In this paper, we
use 2MASS, Spitzer (IRAC and MIPS), and WISE infrared pho-
tometry to identify which stars we detected in NGC 2244 are
YSOs.
Lada (1987) divided YSOs into three classes, I, II, and III.
Class I sources are objects deeply embedded in the surround-
ing cloud with emission dominated by the cold dust of their
envelopes (protostars). They practically cannot be detected in
the visual domain. Class II sources having accretion disks are
identified with TTSs and are visible in the optical range al-
though they have infrared excesses. Finally, Class III are post-
T Tauri objects with no or little infrared excess. Their pho-
tometric properties are similar to the normal main-sequence
stars.
Three other classes of YSOs were proposed in the liter-
ature. Using observations in the submillimeter domain, An-
dre et al. (1993) found extremely young object and proposed
a fourth class of YSOs, Class 0. The Class 0 source cannot
be seen even in near- or mid-infrared. The fifth class, called
“flat spectrum” (hereafter FS), was proposed by Greene et al.
(1994) based on the slope of SED calculated between 2.2 and
10µm, defined as α = d log(λFλ)/d log λ, which is between
−0.3 and 0.3 for these stars. Class I YSOs have α > 0.3, Class
II, −1.6 < α < −0.3, and Class III, α < −1.6. Based on
the slope of SED calculated between 3.6 and 8µm, Lada et al.
(2006) found that objects with thick disks have spectral index
α > −1.80, the objects with “anemic disks” (transition disk
objects, objects with thin disks) have −2.56< α < −1.8 and
objects without disks α < −2.56.
The YSOs of Class I and II can be easily distinguished
using mid-infrared photometry, e.g. from Spitzer satellite
(Megeath et al. 2004; Allen et al. 2004, 2007). Based on
Spitzer IRAC (Infrared Array Camera) and MIPS (Multiband
Imaging Photometer for Spitzer) observations, Balog et al.
(2007) found 25 Class I objects and 337 Class II objects in
NGC 2244.
For the identification of YSOs among our objects, we
used the method described in Appendix A of Gutermuth et al.
(2009), developed by Megeath et al. (2012). They utilized
Spitzer IRAC and MIPS photometry, and 2MASS photometry
for selection Class I, Class II and transition disk objects.
5.1 Spitzer and 2MASS photometry
The Spitzer data were taken from catalogue published by Ba-
log et al. (2007). We found 674 counterparts in this catalogue
putting an offset of 2′′ between our and Spitzer positions. Al-
most all of them have photometric uncertainties σ < 0.1 mag.
All of them have photometry in all four IRAC bands ([3.6],
[4.5], [5.8] and [8.0] µm) but only 167 stars have MIPS pho-
tometry ([24] µm).
At the beginning, according to the criteria of Gutermuth
et al. (2009) and Megeath et al. (2009), we identify extra-
galactic sources that may be misclassified as YSOs. They are
marked with white squares in Fig. 14−16. The other sym-
bols shown in Fig. 14−16 denote our final classification of the
YSOs, described in Sect. 5. We found only one object that sat-
isfy colour and brightness criteria (marked with dashed line
in Fig. 14a) for active galactic nuclei (AGNs). Two objects fall
in the region of galaxies with bright PAH (polycyclic aromatic
hydrocarbon) emission: one in [4.5]−[5.8] vs. [5.8]−[8.0]
colour-colour diagram (Fig. 14b) and one in [3.6]−[5.8] vs.
[4.5]−[8.0] colour-colour diagram (Fig. 14c). We did not find
any shock emission knots. Five objects, according to criteria
of Gutermuth et al. (2009), may be contaminated by satu-
rated PAH emission objects (Fig. 14c). All these objects, are
not included in any catalogue of AGNs or galaxies and they
c© 2018 RAS, MNRAS 000, 1–??
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Figure 14. Spitzer/IRAC colour-magnitude diagram and colour-colour diagrams used for the selection of Class I (red dots) and Class II (green
dots) objects and for the isolation of the extragalactic sources (white squares, see Sect. 5.1 for more details). Dark dots represent Class III objects
and/or field stars. Three crossed Class I objects does not fulfil the colour restriction for being a protostar ([4.5]–[24]>4.761). Transition disk
objects are marked with blue dots. The arrows show the reddening vectors (Flaherty et al. 2007). Some variables discussed in text are labeled.
are very close to restriction lines in colour-magnitude and
colour-colour diagrams, so they are probably not extragalactic
sources.
The JHKS photometry was taken from 2MASS All-Sky
Catalog of Point Sources of Cutri et al. (2003). For 3098 our
stars we found counterparts among 2MASS sources in the
search radius of 2′′, 1517 of them have photometric uncer-
tainty σ < 0.1 mag in all three bands, and 653 have coun-
terparts in the catalogue of Balog et al. (2007) (605 of them
have σ < 0.1 mag).
The Spitzer and 2MASS magnitudes for variable stars are
shown in Table A25 in Appendix.
5.1.1 Selection of Class I and Class II objects
After checking for extragalactic objects, we identified
Class II objects using restrictions in [4.5]–[8.0] and
[3.6]−[5.8] colours (shown in Fig. 14c), and with
[3.6]−[4.5]−σ([3.6]−[4.5])>0.5. From this sample, objects
with [4.5]−[5.8] and [3.6]−[4.5] colours greater than 0.7
were classified as Class I. We found one such source,variable
2436, that fulfil these colour restrictions (Fig. 14d).
Some additional YSOs can be found from the constraints
of the dereddened ([3.6]−[4.5])0 and (KS−[3.6])0 colours
derived according to procedure described in Appendix A.2. of
Gutermuth et al. (2009). Originally, this method was applied
to the stars without [5.8] and/or [8.0] µm photometry which
have good quality (σ < 0.1 mag)H,KS and/or J photometry.
Although all our stars with Spitzer data have photometry in all
four IRAC bands, we apply this method to check if we can find
some additional Class I and Class II objects.
This way we found 4 additional Class I candidates
5 The full version of Table A2 is available in electronic form from the
CDS.
6 The numbers indicate the variables we found, listed in Table A1
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Figure 15. Spitzer/IRAC and MIPS colour-colour diagrams used for
the selection of transition disk objects (blue circles). The coloured
symbols are the same as in Fig. 14. The arrow shows the extinction
vector for AK = 5 mag (Flaherty et al. 2007).
(Fig. 14e) and 23 additional Class II candidates. Out of these
23 objects, 12 stars which have [4.5] − [24] > 2.5 mag and
[5.8] − [24] > 2.5 mag (or [4.5] − [8.0] > 0.5 mag for objects
without [24] µm band photometry), we classified as Class II
objects.
All objects selected as protostars must have [5.8] − [24]
colour greater than 4 mag. Two objects (variables 2 and 17)
found previously as Class I do not meet this condition and
for one object there are no [24]-band photometry. They are
marked with crosses in Fig. 14−16. Finally, using Spitzer and
2MASS photometry, we found two Class I objects (variable 3
and 243) and 227 Class II objects.
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5.1.2 Selection of transition disk objects
Another class of YSOs are transition disk objects which do
not show near- and mid-infrared excess. These sources can be
found with the use of [24] µm MIPS photometry. We used the
approach of Megeath et al. (2012) who considered objects
with [8]–[24] colours greater than 2.5 mag and the dered-
dened [3.6]–[4.5] colours smaller than 0.2 mag as transition
disk object. This way, among 167 objects with MIPS photom-
etry, we found 14 transition disk objects (7 of them are vari-
able). They are marked in blue in Fig. 14–16.
5.1.3 Selection of Class III and flat spectrum objects
Most of the remaining 426 objects which were not classified
as Class I, Class II or transition disks are Class III objects (disk-
less YSOs) and/or field stars (pure photosphere), 84 of them
are variable. It is difficult to distinguish between these two
groups. One way was presented by Rebull et al. (2007) who
usedKS vs.KS−[24] colour magnitude diagram. The authors
established the ranges ofKS−[24] colour for Class I (8.31−14
mag), flat spectrum (6.75−8.31 mag), Class II (3.37−6.75
mag) and Class III (<3.37 mag) sources. In order to separate
Class III objects from foreground/background stars, they set
a boundary colour KS − [24] = 2 mag.
The KS vs. KS− [24] colour magnitude diagram for stars
in the observed field is shown in Fig. 16. In this diagram YSOs
found using the selection criteria of Gutermuth et al. (2009)
are shown. As can be seen in the figure, none of Class I star
have KS − [24] > 8.31 mag. Both Class I objects together
with 8 Class II objects have KS − [24] between 6.75 and 8.31
mag. According to colour criteria of Rebull et al. (2007) they
are YSOs with flat spectrum. The encircled symbols in Fig. 16
represent HAeBe stars (Park & Sung 2002). One of them, star
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Figure 17. WISE colour-colour diagram used for the selection of
Class I and Class II objects base on restrictions of Koenig & Leisawitz
(2014). Green symbols represent Class II sources: circles – common
from WISE and IRAC, squares – only from WISE, triangles – only from
IRAC. Red circle indicate Class I object. Black points are Class III/fiels
stars, grey points – sources that may be extragalactic contaminants.
3, according to criteria of Gutermuth et al. (2009), was clas-
sified as Class I object and the other HAeBe star, star 2, was
classified as Class II object. Third HAeBe star, star 9, are in
the area of sources contaminated by saturated PAH emission
objects (Fig. 14d)
For three stars KS − [24] is between 2 and 3.37 and they
are probably diskless YSOs. We found that 22 stars have KS−
[24] < 2 mag and 21 of them have KS − [24] < 1 mag.
The position of YSOs in the map of the sky is shown
in Fig. 18. The objects of all classes are distributed homo-
geneously, without any concentration.
5.2 Spectral index α
The classes of YSOs, described in the introduction of this sec-
tion, were defined based on α spectral index. We computed α
indexes, from the slope of the linear fit to the observed fluxes
between the IRAC [3.6] µm band and the IRAC [8.0] µm band
(αIRAC), as it is quite insensitive to extinction (Muench et al.
2007). The α indexes of the variable stars are given in Table
A1 in Appendix.
Since α index of HAeBe star 3, classified in Sect. 5.1.1
as Class I, is less then 0.3, it is rather flat spectrum object.
Four other objects which have α between −0.3 and 0.3, we
classified as flat spectrum. They are marked with pink dots in
Fig. 16. One object with α = −0.31 and KS − [24] between
6.75 and 8.31 mag we also classified as flat spectrum. For the
other Class I object, star 243, the α index is equal to 0.98 con-
firms its previous classification. Another object, HAeBe star 9,
also have α index greater then 0.3, such as Class I objects, but
according to colours restrictions of Gutermuth et al. (2009) is
classified as object contaminated by PAH emission. The α in-
dexes of almost all Class II YSOs found in Sect. 5.1.1, which
are between -1.8 and -0.3, confirmed their classification.
5.3 WISE photometry
Since not for all our variable stars we found Spitzer coun-
terparts, we identify YSOs based on WISE (Wide-field In-
frared Survey Explorer, Wright et al. 2010) photometry as
well. This photometry was obtained in in four mid-infrared
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Figure 18. Spatial distribution for Class I object (red square), Class II objects (green circles), flat spectrum objects (magenta rhombus) and
transition objects (blue rhombus) found from Spitzer and 2MASS photometry (Sect. 5).
Table 4. Number of YSOs found in observed field.
Objects total variable
Class I 1 1
Class I/ Flat spectrum 1 1
Flat spectrum1 5 3
Flat spectrum2 10 3
Class II 219 89
Transition disks 14 7
Class III 426 84
1 objects classified based on α index;
2 objects classified based on KS − [24] colour.
bands: [3.4], [4.6], [12], and [22] µm. Using ALLWISE cata-
log (Cutri & et al. 2014) we found 1804 counterparts in the
search radius of 2′′. In order to find YSOs, to the sources
with error less then 0.2 mag in [3.4], [4.6] and [12] µm
band, we applied the colour and brightness constraints de-
scribed in Koenig & Leisawitz (2014). In this way we found
only one Class I object (star 3) and 9 additional Class II ob-
jects (marked with squares in Fig. 17), 3 of them are vari-
able. From the slope of the linear fit to the observed fluxes
in WISE [3.4], [4.6] and [12] µm band, we calculated α in-
dexes (αWISE). The classes of objects and αWISE indexes are
written in brackets in Table A1.
The total number of YSOs found in observed field are
summarized in Table 4.
6 CHARACTERISTICS OF PMS VARIABLE STARS
The variable PMS stars found in Sect. 3.3 and 3.4 may be
WTTSs, CTTSs or HAeBe stars. Their position in colour–
magnitude and colour–colour diagrams, near- and mid-IR ex-
cess as well as the properties of Hα emission line help to un-
derstand the possible origin of their variability. Therefore, ad-
ditional archival data of the IPHAS (Isaac Newton Telescope
Photometric H-Alpha Survey) and UKIDSS (United Kingdom
Infrared Deep Sky Survey) surveys were used in our analysis.
6.1 IPHAS photometry
Combination of IPHAS (r′ − i′) and (r′ −Hα) colour indices
allowed to find stars with Hα in emission. The method was
described by Drew et al. (2005) and Barentsen et al. (2011).
The authors provide a grid of colour tracks for stars with dif-
ferent Hα emission equivalent widths (EWHα), spectral types
and reddenings. We found r′, i′ and Hα-band photometry
for about 3700 our objects using IPHAS DR2 catalogue (Bar-
entsen et al. 2014) in the search radius of 1′′.
For 226 variables found in our photometry we identified
IPHAS counterparts with photometric errors smaller than 0.1
mag in all three bands. They are shown in the (r′ − Hα)
vs. (r′− i′) colour-colour and r′ vs. (r′− i′) colour-magnitude
diagrams in Fig. 19 and 20, respectively. In order to find CTTS
candidates based on (r′ − i′) and (r′ −Hα) colours, we used
the selection threshold described by Barentsen et al. (2011).
For early type stars, this threshold (red line in Fig. 19) is the
same as unreddened 10 A˚ track, but for stars later than M0
the empirical threshold from Barrado y Navascue´s & Mart´ın
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Figure 19. IPHAS (r′−Hα) vs. (r′−i′) colour-colour diagram for the
observed field. The symbols indicate variable stars found in this pa-
per: pulsating (red squares), eclipsing (pink diamonds), HAeBe (or-
ange triangles), other periodic (green circles) and irregular (blue cir-
cles). Synthetic tracks for MS stars and giants (solid black and blue
lines), and for stars with photometric EWHα= 10, 100 and 200 A˚ for
spectral types O5–M6 (dashed blue lines), shifted according to red-
dening vector for AV = 1.46 mag (blue arrow), were taken from
Barentsen et al. (2011). Red line is the selection threshold for CTTSs.
(2003) was taken. We found 143 objects above the thresh-
old. Out of them, 30 variable stars lie above the threshold
with 3σ confidence level defined by Barentsen et al. (2011).
They are notified with the letters ”IA” in Table A1 in Appendix.
The other stars above the reddened (E(B − V ) = 0.47 mag)
10 A˚ track and the objects lying between 0 and 10 A˚ track are
marked in Table A1 as ”Ia” and ”Ib”, respectively. As can be
seen in Fig. 19, most of the variables with strongHα emission
have spectral types later than K0. Only two stars above CTTS
threshold with spectral type earlier than K0, star 3 and 9,
are HAeBe stars reported by Park & Sung (2002). The IPHAS
magnitudes for variable stars are listed in Table A2 in Ap-
pendix.
6.2 UKIDSS photometry
The colour-colour diagram of near-infrared JHK photometry
is the other useful tool for understanding YSOs. Therefore,
we decided to use UKIDSS (United Kingdom Infrared Deep
Sky Survey) photometry as it is more accurate than 2MASS
photometry. The UKIDSS photometry was obtained with the
United Kingdom InfraRed Telescope (UKIRT) during Galactic
Plane Survey. Almost for all objects we observed, we found
J , H and K photometry in the UKIDSS-DR6 catalogue (Lu-
cas et al. 2008), assuming a search radius of 1′′. The JHK
UKIDSS magnitudes for variable stars are shown in Table A2
in the Appendix.
The (J − H) vs. (H − K) diagram for variable stars
found in Sect. 3 is shown in Fig. 21. The dashed line repre-
sents the locus of CTTSs determined by Meyer et al. (1997).
Since this line was derived in the CIT (California Institute of
Technology) system, we transformed UKIDSS photometry to
2MASS photometry according to the transformation relations
of Hewett et al. (2006) and then to CIT photometry using re-
lations described by Carpenter on ”2MASS Color Transforma-
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Figure 20. IPHAS r′ vs. (r′ − i′) colour-magnitude diagram for the
observed field. The symbols are the same as in Fig. 19. The ZAMS
relation for Z=0.02 (solid line) was taken from Siess et al. (2000).
The isochrones (dotted lines) for 0.1, 0.5, 1, 2, 6, 10, and 100 Myr for
adopted AV = 1.46 mag and (m −MV)0 = 11.1 mag were taken
from Bressan et al. (2012).
tions” web page7. If the brightness of the star in UKIDSS-DR6
catalogue is flagged as ”close to saturated”, we show 2MASS
colours, transformed to CIT system in Fig. 21.
The solid black line in Fig. 21, taken from Pecaut &
Mamajek (2013)8, represents the ZAMS and the solid blue
line, taken from Bessell & Brett (1988), denote colours for
late-type giants. The arrow shows the reddening vector for
AV = 1.46 mag. The extinction ratios AJ/AV = 0.282,
AH/AV = 0.175 and AK/AV = 0.112 we adopted from
Rieke & Lebofsky (1985). The blue rectangle is the area of
dereddened (J − H) and (H − K) colours for HAeBe stars,
defined by Herna´ndez et al. (2005). As can be seen in this fig-
ure, five variable stars we found fall into this box. They will
be discussed in Sect. 6.3.
We identified 208 stars of Class II lying above CTTS locus,
88 of them are variable. Only 20 of Class II objects lie below
CTTS line, four of them (2, 9, 15, 17) are variables in HAeBe
box in the (J −H) vs. (H −K) diagram (Fig. 21).
Following Sugitani et al. (2002) we have drawn three
lines parallel to the reddening vector: from the tip (spec-
tral type M4) of the giant branch (left line), from the point
(H −K), (J −H) = (0.0, 0.0) mag for spectral type A0 of the
MS (middle line), and from the tip of the intrinsic CTTS line
(right line). The objects lying between left and middle line,
marked with ”F” in Table A1 in Appendix, are either field stars
(main-sequence stars or giants) or Class III/Class II sources
with small near-infrared (NIR) excesses (Ojha et al. 2004).
7 http://www.astro.caltech.edu/˜jmc/2mass/v3/transformations/
8 New version were used available at http://www.pas.rochester.edu/
˜emamajek/EEM dwarf UBVIJHK colours Teff.txt
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Figure 21. The (J −H) vs. (H −K) UKIDSS colour-colour diagram
for the observed field. The symbols are the same as in Fig. 19. The
dashed line is the locus of CTTSs (Meyer et al. 1997). Solid black
and blue lines denote intrinsic colours for ZAMS and late-type giants,
respectively. The arrow shows the reddening vector for AV = 1.46
mag. All the measurements were transformed to the CIT system.
The sources lying between middle and right line, marked with
”T” in Table A1 in Appendix, are considered to be Class II
sources (mostly CTTSs) with large NIR excesses or Herbig
Ae/Be stars with small NIR excess. The sources lying red-
wards of ”T” region are most likely Class I objects (protostars)
or Herbig Ae/Be stars.
6.3 Classification of PMS variable stars
The age spread of PMS stars in NGC 2244 estimated by Park
& Sung (2002) is between 0.1−0.3 and 5.8−6.4 Myr, de-
pending on the adopted models. Most of our variables lie be-
tween 1 and 6 Myr isochrone and plenty of them are PMS
stars (HAeBe stars and TTSs). The positions of PMS variable
stars in the infrared and optical colour-magnitude and colour-
colour diagrams helped us to classify them.
Five variables fall into the HAeBe box in Fig. 21. All of
them were classified as Class II objects. Three of these stars,
(star 2, 6, and 9) are known HAeBe stars (see Sect.3.4).
Fourth known HAeBe, star 3, has strong infrared excess and is
placed outside HAeBe box in the (J−H) vs. (H−K) diagram
(Fig. 21). We classified this star as HAeBe Class I/flat spec-
trum object. The other two stars falling into the HAeBe box
(Fig. 21) are stars 15 and 17. The photometric EWHα derived
from IPHAS photometry of three HAeBe candidates (star 3,
9, and 17) is greater than 10 A˚. For star 15, the photometric
EWHα is between 0 and 10 A˚.
A common feature of classical T Tauri stars (CTTSs) is the
equivalent width of Hα (EWHα) emission line greater than
10 A˚. Using IPHAS photometry we have found 68 variables
lying above the 10 A˚ track (”IA” and ”Ia” in Table A1). Most
of them, 45 stars, are Class II objects, 43 of them have spec-
tral types, estimated from (r′ − i′) and (r′ − Hα) colours
(Fig. 19) later than K0 and lie above CTTS locus in (J − H)
vs. (H −K) diagram (Fig. 21). They are the best candidates
for CTTS stars and are marked as CTTS in Table A1 in Ap-
pendix. Excellent candidates for CTTSs are also four stars
with EWHα < 10 A˚ which large infrared excess placed them
in ”T” region in Fig. 21 and one Class I object, star 243.
Among 48 Class III/field stars, that lie above the 10 A˚
EWHα track in Fig. 19, 36 stars occupy the region of FGK type
main sequence stars, with (J−H) < 0.6 mag. Seven of them,
marked as MS in Table A1, are variable. The remaining twelve
stars can be CTTSs as they lie above CTTSs locus in Fig. 21.
Nine of them, marked as CTTS? in Table A1, are variable.
The position of selected CTTS candidates in r′ vs. (r′ − i′)
colour-magnitude diagram (Fig. 20) is typical for PMSs. Only
one star, 222, lie in this diagram close to ZAMS and is placed
above 200 A˚ track in Fig. 19. It may be an active field star,
but its position in the V vs. (V − IC) diagram a little above
10 Myr isochrone and the membership probability, equal to
74.3%, does not exclude it from the members of the cluster.
Our classification of other Class II variables lying above
CTTS locus in Fig. 21 with photometric EWHα < 10 depends
on their spectral index α. Lada et al. (2006) found that ob-
jects with thick disks, typical for CTTSs, are characterised by
spectral index α > −1.8. They also found that large fraction
(64%) of WTTSs are diskless stars (α < −2.56) and about
22% of WTTSs have thin disks (−2.56 < α < −1.8). For
this reason, we marked the stars with α > −1.8 as CTTS?
in Table A1 and stars with α < −1.8 as WTTS. The Class
III variables lying above CTTS locus in Fig. 21 and having
EWHα between 0 and 10 were also classified as WTTS. The
remaining variable stars lying above CTTS line were classified
as WTTS?. This way, we have found 97 candidates for CTTS
stars (49 CTTS and 48 CTTS?), 68 candidates for WTTS stars
(32 WTTS and 36 WTTS?) and 6 candidates for HAeBe stars
(4 of them were known before).
Common feature of YSOs is emission in X-rays. Using
catalogue of X-ray sources from Chandra published by Wang
et al. (2008), we identified 482 counterparts in the search ra-
dius of 1′′, 182 of them are variable stars. They are marked
with letters ”a”, ”b” or ”c” in Table A1 in Appendix, following
the notification used by Wang et al. (2008) indicating vari-
ability characterization.
Park & Sung (2002) found ROSAT HRI X-ray counter-
parts for sixteen stars in NGC 2244. They classified six of
them as PMS stars. Four of them (star 10, 13, 14, and 16)
are variable in our photometry. The authors denoted two ob-
jects as ”PMS X-ray binary”, one of them is variable star in our
data (star 49). Park & Sung (2002) also selected 14 PMS star
and seven PMS candidates based on the strength of Hα emis-
sion line. Since the authors published the positions of stars
brighter than 17 mag, we have found only seven counterparts.
Six of them, marked with letters ”PS” in Table A1, are variable
stars.
Bergho¨fer & Christian (2002) published the results for
138 X-ray sources in NGC 2244 selected from ROSAT PSPC
and HRI observations. The majority of them have strong Hα
emission. Out of them 38 stars are variable in our photometry.
They are marked with letters ”BC” in Table A1.
On average, the amplitudes of light curve variations of
CTTSs are larger than those of WTTSs (Lata et al. 2012).
The variability of CTTSs is usually irregular, caused by ac-
cretion processes and the changes in their disks. The changes
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Figure 22. The V-filter light curves RMS (variability amplitude) as a
function of Spitzer [3.6]−[4.5] colour for periodic (dots) and irreg-
ular (triangles) variables. The colours represent variable stars: CTTS
(red), CTTS? (green), WTTS (dark blue), and WTTS? (light blue),
described in Sect. 6.3. Dashed line is the boundary between diskless
and disked stars ([3.6]−[4.5]=0.25 mag), adopted from Dutta et al.
(2018).
in light curves of WTTSs are often periodic, caused by cool
spots. Dutta et al. (2018) show that variability amplitude of
stars with infrared excess is larger for those that have disks.
Following the authors, we calculated the observed root mean
square (RMS=σobs) in the light curves, expressed as:
σ2obs =
n
∑n
i=1
wi(mi − m¯)2
(n− 1) ∑n
i=1
wi
, (10)
where mi and m¯ are respectively individual and average V -
filter magnitudes, and wi = 1.0/σ2i is the weight assigned to
each observation with photometric uncertainties σi. The RMS
as a function of [3.6]−[4.5] colour is shown in Fig. 22. As
can be seen in this figure, most stars classified as CTTS or
CTTS? have larger amplitudes then WTTSs. They also have
the [3.6]−[4.5] colours greater than 0.25 mag which means,
according to Dutta et al. (2018), they are disked stars.
7 SUMMARY
We presented multi-wavelength photometric study of young
open cluster NGC 2244. Using UBV IC photometry we have
identified 245 variable stars. The time series photometry of
only one of them was published before. Based on near- and
mid-infrared excess and photometric equivalent width of Hα
emission line we classify PMS variables. Among 211 stars ir-
regular stars we have found 96 CTTS candidates, 54 WTTS
candidates and 6 HAeBe stars. We have also identified 23
periodic variables with periods greater than one day. Four-
teen of them we have classified as WTTS candidates and one
star as CTTS? candidate. The relation between mass of the
star and its rotational period found in many young open clus-
ters, e.g. NGC 2264, NGC 7380, NGC 1893 and Be 59 is not
visible in our sample of periodic variables. We have shown
that stars with infrared excess have, on average, higher ampli-
tudes. Similar tendency was found in NGC 2282 (Dutta et al.
2018).
We have found four new δ Scuti stars. All of them are
likely non-members. In the observed field there is one star
reported in the literature as β Cephei-type star. The small
amplitude of its variability is however below our detection
threshold. Unfortunately, the saturation of bright stars makes
impossible to verify if in such a young cluster there are any β
Cephei or SPB stars.
In addition to the well-known eclipsing binary V578
Mon, we have found six other eclipsing systems. Two of them
are probably the cluster members.
Based on Spitzer, UKIDSS, 2MASS and WISE photometry
we have identified YSOs in our photometry. As a result, one
variable was classified as Class I object, one as Class I/flat
spectrum object, 91 as Class II objects, 4 as flat spectrum
sources and 7 as transition disk objects. In comparison to Ba-
log et al. (2007) we have identified small number of Class
I objects. This is due to the fact that we classified only the
sources detected from our photometry, while most of these
objects are not visible in the optical bands.
Due to the short period of observations, we were not able
to find variable PMS stars such as UXors, FUors or EXors,
although some candidates were found to have the range of
variations greater than 1 mag and the shape of light curves
similar to those type of variables. It is not out of the question
that some of our HAeBe stars could be classified as UXors, and
some of our identified CTTSs as FUors or EXors, in the future.
A large number of identified PMS variable stars (165 TTS
and 6 HAeBe stars) can be used to verify models of PMS stars.
Since the variability of WTTSs is caused by cool spots, the am-
plitudes, periods and shape of light curves can change over
time (Cohen et al. 2004). It would be interesting to check
their variability after several years. Some additional observa-
tion can also be useful to check variability among the remain-
ing Class II objects: to find the periods of long period variables
and to verify the existence of early-type pulsating stars.
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APPENDIX A:
In Table A1 we present UBV IC photometry and coordinates
of variable stars found in NGC 2244 together with some im-
portant information about these stars. In Table A2 we present
2MASS, UKIDSS, Spitzer and IPHAS infrared photometry of
variable stars.
Phase diagrams of other periodic variables described in
Sect.3.3 are shown in Appendix A1 and the light curves of
irregular variables variables described in Sect. 3.4. are shown
in Appendix A2.
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Table A1. UBV IC photometry and coordinates of variable stars found in NGC 2244 together with some important information
about these stars.
Star R.Asc. Dec. V V –IC B–V U–B X
(1) Hα(2) Cl.(3) α(4) Var.(5) NIR(6) Prob.(7) Other(8) Notes(9)
(2000.0) (2000.0) mag mag mag mag type reg. [% ] name
1 6:32:00.61 4:52:40.9 8.530 0.254 0.156 -0.746 a – III -2.61 ECL - 48.6 V578 Mon B0V+B1V
2 6:31:33.11 4:50:35.5 12.304 0.587 0.344 -0.177 - BC PS FS -0.25 HAeBe - 87.5 HD 259012B B4/A1Ve
3 6:31:29.76 4:54:49.2 12.421 0.453 0.328 -0.256 a BC PS IA I/FS 0.24 HAeBe - 84.7 W74 B7Ve
4 6:31:25.39 5:02:08.8 12.836 1.051 0.747 -0.189 - – – — — - 0.0 W62 B3
5 6:31:30.88 4:58:12.4 12.892 0.439 0.415 0.296 - – III -2.93 DSCT - 27.1 W69 A2
6 6:31:40.02 5:05:56.8 13.084 1.302 0.987 0.115 - BC (II) (-0.48) HAeBe - 0.0 W106 F3Ve
7 6:32:35.43 4:51:58.7 13.535 0.776 0.700 0.181 - Ia III -2.61 MS - 0.0 W264 G2
8 6:32:30.90 4:47:53.8 13.556 0.937 0.924 0.543 a BC Ia III -2.84 MS - 0.0 W761
9 6:31:51.57 4:54:17.5 13.677 0.681 0.519 0.340 - PS IA – 1.06 HAeBe - 92.1 W131
10 6:31:41.12 4:56:07.7 14.037 1.332 1.105 0.479 b BC Ib III -2.78 — - 89.7 W126
11 6:32:15.85 4:54:30.1 14.287 1.493 1.253 0.665 c BC Ib III -2.56 WTTS - 41.7 W257
12 6:32:19.94 4:48:19.2 14.335 1.418 1.183 0.571 a BC III -2.61 — - 85.6 W272
13 6:32:24.84 4:57:46.4 14.361 0.997 0.896 0.417 a BC Ia III -2.74 MS - 0.0 W250
14 6:32:07.09 4:56:29.9 14.406 1.464 1.255 0.687 c BC Ib III -2.47 WTTS - 91.9 W187
15 6:32:31.01 4:50:05.9 14.410 1.247 1.019 0.468 - BC Ib II -0.78 HAeBe* - 89.3 W269
16 6:32:28.08 4:54:03.8 14.544 1.287 1.070 0.449 c BC Ib III -2.77 — - 90.2 W1406
17 6:32:06.52 4:47:55.4 14.690 1.233 1.082 0.751 - Ia II -1.11 HAeBe* P 91.4 V551 Mon
18 6:32:06.37 5:02:36.9 15.021 1.027 0.759 0.360 - – III -2.84 DSCT - 62.2 W1689 nm
19 6:32:24.42 4:52:22.6 15.325 1.431 1.183 0.609 a BC Ib III -2.71 ECL - 80.6 W2400
20 6:32:09.98 4:54:23.2 15.396 1.409 1.215 0.604 a BC Ib III -2.73 — - 91.2 W2301
21 6:32:04.35 4:57:58.2 15.453 1.263 1.038 0.266 b Ib III -2.87 — - 0.0 W1505
22 6:32:05.41 4:56:59.4 15.788 1.675 1.404 0.908 a BC Ib III -2.70 WTTS F 90.8 W2258
23 6:32:11.62 4:53:57.0 15.834 1.605 1.338 0.830 a – III -2.73 WTTS* F 17.2 W2308
24 6:31:47.39 4:53:20.3 15.863 1.572 1.311 0.818 a – III -2.97 — - 91.7 W2121
25 6:32:02.10 4:48:55.5 15.936 1.595 1.340 0.808 a BC III -2.79 WTTS* F 90.7 W2236
26 6:32:21.47 4:50:27.4 16.064 1.676 1.336 0.922 a – III -2.78 WTTS* F 91.9 W2379
27 6:31:57.48 4:55:04.5 16.130 1.522 1.307 0.821 - Ib III -2.54 WTTS F 91.5 W2203
28 6:31:59.94 4:51:10.0 16.168 1.614 1.369 0.875 c – III -2.58 WTTS* F 91.8 W2220
29 6:31:30.58 4:58:35.8 16.173 1.040 0.916 0.331 a Ib – — — - 0.0 W2030 nm
30 6:31:51.41 4:57:28.6 16.183 1.734 1.387 0.982 a BC Ib III -2.61 WTTS F 91.5 W2149
31 6:31:48.13 4:53:37.9 16.218 1.695 1.421 0.993 a – III -2.64 WTTS* F 91.7 W2124
32 6:32:00.31 5:00:42.0 16.231 1.716 1.439 0.979 - BC III -2.77 WTTS* F 90.2 W2222
33 6:32:11.64 4:50:27.1 16.343 1.533 1.259 0.676 a – III -2.63 WTTS* F 91.5 W2309
34 6:32:03.37 4:52:35.9 16.374 1.695 1.540 1.029 a – II -1.33 CTTS* F 51.6 W2245
35 6:32:04.72 4:49:14.8 16.384 1.634 1.390 0.925 b BC III -2.56 WTTS* F 90.0 W2256
36 6:31:33.44 4:58:26.0 16.475 1.057 0.891 0.233 a Ib – — — - 85.0 W2042 nm
37 6:31:28.44 4:54:50.4 16.498 1.559 1.288 0.874 a – – — — F 88.6 W2019
38 6:32:06.03 4:50:31.2 16.503 1.802 1.497 1.163 b – III -2.71 WTTS* F 90.5 W2267
39 6:31:56.30 4:54:16.2 16.539 1.827 1.487 1.124 - Ib III -2.74 WTTS F 90.7 W2194
40 6:32:05.90 4:57:05.4 16.629 1.906 1.527 1.062 b Ib III -2.70 WTTS F 0.4 W2264
41 6:31:50.56 4:55:53.1 16.630 1.962 1.565 0.890 - Ib III -2.72 WTTS F 89.2 W2141
42 6:32:00.94 4:51:55.9 16.647 1.846 1.526 1.344 a – II 0.42 CTTS* F 1.5 V549 Mon
43 6:32:02.10 4:56:47.2 16.653 1.817 1.421 0.959 a BC III -2.64 WTTS* F 91.3 W2235
44 6:31:57.30 4:54:51.5 16.674 1.953 1.495 1.016 - BC Ib TD -2.24 WTTS F 88.4 W2200
45 6:31:43.86 5:02:57.5 16.697 2.032 1.664 0.962 a BC Ia FS* -0.43 CTTS F 91.4 W725
46 6:32:30.92 4:50:07.3 16.727 1.605 1.329 0.948 - Ib – (-0.82) — - 0.0 W2457
47 6:32:15.02 4:52:35.4 16.764 1.762 1.393 0.957 - Ia III -2.11 WTTS F 69.7 W2324
48 6:31:51.63 4:51:24.0 16.765 2.009 1.554 1.128 a BC III -2.57 ECL F 83.1 W2152
49 6:31:48.30 4:58:19.8 16.809 2.038 1.395 0.267 b BC II -1.72 CTTS* F 0.0 W2125
50 6:32:04.54 4:53:25.0 16.892 1.809 1.340 0.796 c PS Ib II -1.53 CTTS* F 78.3 W2254
51 6:32:13.83 4:49:36.5 16.898 1.759 1.519 1.171 a – III -2.82 WTTS* F 91.3 –
52 6:32:05.22 4:48:27.9 16.908 1.255 1.044 0.380 - BC – — — - 85.1 W745 nm
53 6:32:21.40 4:54:04.0 16.912 1.555 1.343 0.858 c – – — — F 88.0 W2378
54 6:32:07.71 5:05:24.3 16.928 1.285 0.993 0.255 - – – — ECL - 0.0 V552 Mon nm
55 6:31:25.81 4:58:14.1 16.932 1.816 1.421 0.916 - Ib III -2.86 WTTS F — W2010
56 6:32:31.59 4:55:25.1 16.974 1.979 1.612 1.083 - BC III -2.43 WTTS* F 82.7 W2469
57 6:32:23.18 5:00:57.2 16.990 1.772 1.538 0.757 a – III -2.66 WTTS* F 81.7 W2392
58 6:32:06.70 4:55:30.6 17.011 1.992 1.572 0.870 - BC II -0.71 CTTS* F 21.5 W746
59 6:31:32.02 5:05:16.1 17.069 1.521 1.315 0.793 - – – — — F 88.3 –
60 6:31:49.26 4:57:01.0 17.074 1.779 1.528 0.571 b BC Ia II -1.20 CTTS F 90.2 W730
61 6:31:41.98 4:54:18.2 17.087 1.709 1.379 0.698 b IA II -1.39 CTTS F 89.0 –
62 6:31:50.78 4:54:34.7 17.100 1.863 1.462 0.991 a BC Ib III -2.88 WTTS F 91.1 W732
63 6:31:40.87 4:59:01.1 17.182 1.203 1.014 0.376 a Ib – — — - 50.0 – nm
64 6:32:18.03 4:49:02.0 17.211 1.878 1.535 1.033 a – III -2.60 WTTS* F 89.3 –
65 6:32:16.13 4:55:30.0 17.214 2.209 0.937 0.461 - Ia II -0.45 CTTS T 0.0 V555 Mon
66 6:31:59.26 5:01:17.2 17.215 2.134 1.646 0.944 c – II -1.58 CTTS* F 89.2 –
67 6:31:28.84 4:52:13.3 17.234 1.918 1.488 0.691 a PS IA II -1.26 CTTS F 77.7 W2021
68 6:31:59.33 5:05:59.9 17.244 1.396 1.184 0.554 - Ib – — — - — – nm
69 6:32:17.58 4:53:08.3 17.250 1.830 1.525 0.914 b – II -1.47 CTTS* F 89.7 –
70 6:32:20.83 5:04:16.5 17.281 1.834 1.632 0.880 - – II -1.13 CTTS* F 82.6 –
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Table A1 – continued
Star R.Asc. Dec. V V –IC B–V U–B X
(1) Hα(2) Cl.(3) α(4) Var.(5) NIR(6) Prob.(7) Other(8) Notes(9)
(2000.0) (2000.0) mag mag mag mag type reg. [% ] name
71 6:32:14.74 4:50:23.7 17.314 2.036 1.677 — a – III -2.73 WTTS* F 88.5 –
72 6:31:34.31 5:04:16.0 17.349 1.131 0.854 0.267 - – – — ECL - 0.0 – nm
73 6:32:05.93 4:57:27.7 17.350 2.077 1.493 0.686 a Ia II -0.73 CTTS F 29.1 –
74 6:31:57.34 4:53:42.3 17.383 1.874 1.465 — a – II -1.85 — F 89.7 –
75 6:31:43.92 5:02:38.9 17.404 1.410 1.056 0.454 - – – — DSCT - 1.1 – nm
76 6:32:07.82 4:52:28.5 17.407 1.843 1.439 0.565 c IA II -1.16 CTTS F 88.9 –
77 6:31:51.48 4:51:32.0 17.408 2.216 1.727 0.724 a Ib II -1.78 CTTS* F — –
78 6:32:20.34 4:58:41.8 17.413 2.016 1.617 0.639 a Ib III -2.79 WTTS F 91.0 –
79 6:32:08.02 4:50:33.6 17.418 2.005 1.574 0.734 a – III -2.67 WTTS* F 89.6 –
80 6:32:04.69 4:47:45.6 17.442 1.922 1.563 0.710 - Ib II -1.25 CTTS* F 48.4 –
81 6:31:57.19 4:50:12.0 17.458 2.125 1.636 0.391 a – III -2.77 WTTS* F — –
82 6:31:51.64 4:55:05.3 17.460 1.902 1.610 0.749 - Ib II -1.62 CTTS* F 88.7 V547 Mon
83 6:31:27.85 4:50:03.0 17.515 1.909 0.998 — - IA II -1.04 CTTS T 36.8 V544 Mon
84 6:32:16.67 4:49:38.2 17.523 1.912 1.564 0.843 c – FS* -0.61 CTTS* F 87.5 –
85 6:32:20.25 4:57:55.8 17.527 1.987 1.496 0.952 c – III -2.31 WTTS* F 80.0 –
86 6:32:05.44 4:57:30.1 17.532 2.045 1.658 — b – III -2.91 — F 90.8 –
87 6:31:59.12 4:55:26.0 17.552 2.090 1.213 — - Ib II -1.80 CTTS* F 89.4 –
88 6:31:41.02 4:54:47.9 17.567 1.919 1.451 0.559 b BC IA II -1.15 CTTS F 86.1 W724
89 6:32:23.11 4:49:43.2 17.585 2.233 1.873 — a BC II -1.42 CTTS* F 90.6 W756
90 6:31:50.44 4:56:38.4 17.603 2.081 1.425 0.563 c Ib III -2.12 WTTS F 0.4 –
91 6:32:22.77 5:00:31.9 17.609 1.903 1.591 0.690 b – III -2.73 WTTS* F 86.3 –
92 6:31:30.03 5:00:45.6 17.625 1.519 1.116 0.731 - – – — DSCT - 0.0 – nm
93 6:32:10.65 4:51:32.7 17.634 1.949 1.593 — a – III -2.78 WTTS* F 88.8 –
94 6:31:21.43 4:54:05.8 17.637 2.055 1.602 — - – – — — F 85.0 –
95 6:31:43.89 5:03:56.5 17.669 1.775 1.437 0.733 c BC – — — F 15.3 W726
96 6:32:23.41 4:52:39.2 17.690 2.164 1.596 0.527 - Ib II -1.66 CTTS* F 85.5 –
97 6:31:44.47 5:03:42.2 17.693 1.962 1.508 0.700 a Ib III -2.63 WTTS F 57.3 –
98 6:31:36.42 4:53:13.9 17.713 2.147 1.497 0.291 a BC Ia II -0.87 CTTS F 53.3 W721
99 6:32:04.66 4:54:51.5 17.727 2.134 1.692 — c Ia II -1.71 CTTS F 80.2 –
100 6:31:46.07 4:54:30.8 17.744 2.098 1.559 0.859 b – III -2.68 WTTS* F 83.3 –
101 6:31:50.26 5:00:07.8 17.749 1.999 1.597 0.710 c – TD -1.94 WTTS F 78.5 –
102 6:31:20.86 5:04:08.7 17.752 1.989 1.548 — - Ib II -1.52 CTTS* F 0.1 –
103 6:31:38.78 4:55:24.9 17.755 2.113 1.658 — a Ib III -2.60 WTTS F 86.0 –
104 6:31:50.43 4:51:50.1 17.765 1.930 1.362 — a IA II -1.96 CTTS F 73.9 –
105 6:32:20.79 4:52:58.2 17.770 2.035 1.605 — b BC Ib III -2.72 WTTS F — W754
106 6:32:01.17 4:55:27.3 17.775 1.951 1.613 — - Ib III -2.09 WTTS F 84.5 –
107 6:32:14.81 4:48:55.4 17.788 1.951 1.499 — b – III -2.73 WTTS* F 90.3 –
108 6:31:47.56 4:49:07.7 17.795 2.003 1.586 — a BC III -2.93 WTTS* F 85.3 W729
109 6:31:55.25 4:53:29.9 17.805 1.997 1.544 0.688 - – III -2.99 WTTS* F 78.4 W735
110 6:32:10.89 4:57:06.2 17.854 1.914 1.663 — c Ib III -2.62 WTTS F — –
111 6:31:55.82 4:51:27.3 17.858 2.084 1.601 — c – – — — F 77.6 –
112 6:31:55.60 4:55:17.3 17.868 2.006 1.419 — b Ib III -1.85 WTTS F 87.2 –
113 6:31:45.38 4:59:02.4 17.885 2.073 1.609 — a – III -2.55 WTTS* F 69.9 –
114 6:32:23.85 5:06:13.5 17.918 1.224 1.325 0.522 - – – — — - — – nm
115 6:31:57.61 5:02:29.1 17.938 2.095 1.570 — b Ib II -1.41 CTTS* F 42.4 –
116 6:31:36.87 4:51:04.3 17.942 2.255 1.620 — b – FS -0.18 CTTS F 0.0 W2062
117 6:32:29.24 5:05:15.9 17.945 1.924 1.584 — - Ia – — — F 90.2 –
118 6:31:27.66 4:54:02.8 17.957 2.365 1.681 — a – III -2.47 WTTS* F 8.0 –
119 6:32:00.54 5:05:33.5 18.032 1.943 1.563 — - – – — — - 71.7 W2225
120 6:32:25.13 4:55:14.4 18.046 1.960 1.574 — a – II -1.58 CTTS* F 88.0 –
121 6:31:55.52 4:53:46.9 18.072 2.096 1.619 — - Ib II -1.05 CTTS* F 89.2 –
122 6:31:48.72 4:55:21.0 18.087 2.024 1.678 — - – – — — F 86.8 –
123 6:32:00.48 4:59:46.9 18.088 2.018 1.594 — a – III -2.50 WTTS* F — –
124 6:31:55.03 4:53:20.8 18.094 2.205 1.709 — - – III -2.62 WTTS* F 87.6 –
125 6:32:09.92 4:50:15.0 18.110 2.039 1.677 — c – – — — F 83.9 –
126 6:32:07.55 4:56:15.3 18.119 2.244 1.691 — a – III -2.68 WTTS* F 57.4 –
127 6:32:10.92 4:55:02.6 18.127 1.940 1.579 — - Ia II -1.28 CTTS F 84.7 –
128 6:32:27.18 4:52:41.9 18.127 1.864 1.493 — - – – — — F 85.0 –
129 6:31:47.44 4:53:31.5 18.133 2.244 1.699 — a – – — — F 0.0 –
130 6:31:47.70 4:56:49.8 18.141 2.219 1.686 — a BC III -2.77 WTTS* F 90.3 W728
131 6:32:05.08 4:55:46.9 18.160 1.927 1.478 — c Ib II -0.94 CTTS T 89.0 –
132 6:31:56.93 4:53:02.0 18.168 2.066 1.691 — b – II -1.49 CTTS* F 80.9 –
133 6:32:01.84 4:53:38.6 18.179 2.024 1.472 — a BC IA TD -1.24 CTTS F 78.8 W740
134 6:31:36.77 4:53:10.0 18.182 2.156 1.593 — a – II -0.82 CTTS* F 76.6 –
135 6:31:54.60 4:59:41.7 18.182 1.916 1.491 — a – – — — F 89.2 –
136 6:31:57.09 4:54:36.4 18.184 2.161 1.650 — - – III -2.72 WTTS* F 82.4 –
137 6:32:08.29 4:50:56.5 18.209 2.126 1.756 — a – – — — F 81.1 –
138 6:32:02.93 4:58:54.0 18.226 2.218 1.617 — a Ib III -2.75 WTTS F 88.3 –
139 6:31:52.01 4:54:08.4 18.237 2.032 1.660 — a BC Ib – — — F 88.1 W734
140 6:32:07.67 4:54:33.7 18.251 2.132 1.606 — b – TD -1.17 CTTS* F 67.7 –
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Table A1 – continued
Star R.Asc. Dec. V V –IC B–V U–B X
(1) Hα(2) Cl.(3) α(4) Var.(5) NIR(6) Prob.(7) Other(8) Notes(9)
(2000.0) (2000.0) mag mag mag mag type reg. [% ] name
141 6:31:59.63 4:52:16.8 18.264 2.245 — — a Ib III -2.51 WTTS F 88.3 –
142 6:31:39.62 4:59:45.1 18.270 2.454 1.640 — a Ia II -1.53 CTTS F 74.9 –
143 6:31:49.81 4:49:06.8 18.277 2.268 1.611 — - Ib III -2.71 WTTS F — –
144 6:31:59.70 4:55:36.0 18.280 2.225 — — - – III -2.66 WTTS* F 89.1 –
145 6:31:48.05 4:50:48.3 18.287 2.343 1.389 — - IA II -0.54 CTTS F 0.0 –
146 6:31:43.57 4:59:49.1 18.310 2.238 1.632 — b – – — — F 57.7 –
147 6:31:30.24 4:51:48.5 18.318 2.141 1.506 — - Ia II -1.50 CTTS F 88.7 –
148 6:31:37.22 4:56:57.3 18.329 2.075 1.620 — - – – — — F 87.8 –
149 6:32:01.02 4:57:31.8 18.379 2.153 1.457 — a Ia II -1.22 CTTS F 89.0 –
150 6:31:47.45 4:58:32.9 18.387 2.133 — — a – III -2.58 WTTS* F 89.1 –
151 6:32:15.12 4:59:57.5 18.390 2.248 1.586 — - – III -2.44 — F 42.2 –
152 6:31:47.59 4:50:52.9 18.408 2.393 1.545 — c Ib II -1.19 CTTS* F 81.7 –
153 6:32:25.76 4:58:23.3 18.443 2.448 — — - – – — — F 89.7 –
154 6:32:22.27 4:47:14.1 18.449 2.399 1.015 — - Ia III -2.77 WTTS F 85.7 –
155 6:31:39.56 4:53:38.6 18.462 2.120 1.331 — c IA III -1.22 CTTS* F 78.9 –
156 6:32:09.33 4:52:41.4 18.481 2.451 — — c Ia III -2.85 WTTS F 79.2 –
157 6:31:52.56 4:58:17.4 18.498 2.231 — — a Ib III -2.70 WTTS F 88.0 –
158 6:31:56.79 4:53:51.1 18.498 2.126 — — - – TD -1.33 CTTS* F 80.7 –
159 6:31:46.10 4:57:50.8 18.540 2.122 — — a – – — — F 89.8 –
160 6:31:32.09 4:57:38.8 18.555 2.172 — — a Ib TD -1.57 CTTS* F 83.6 –
161 6:31:45.11 4:51:26.2 18.562 2.190 — — - BC – — — F 65.7 W727
162 6:31:58.14 4:48:29.9 18.574 2.255 — — a – – — — F 74.5 –
163 6:31:30.95 4:48:48.4 18.579 2.353 — — - Ib II -0.88 CTTS* F 86.7 –
164 6:32:12.21 4:56:32.8 18.602 2.140 — — - – – — — F 77.4 –
165 6:31:39.18 4:49:59.5 18.628 1.894 1.038 — b IA II -1.06 CTTS F 84.8 –
166 6:31:48.89 4:56:09.3 18.631 2.171 — — - Ib II -1.12 CTTS* F 88.0 –
167 6:31:39.31 4:54:01.0 18.648 2.401 — — a – – — — F 3.1 –
168 6:32:30.05 4:57:26.4 18.651 2.065 — — - Ia – — — F 48.5 –
169 6:31:41.98 4:54:16.3 18.676 2.255 — — a IA – — — F 74.2 –
170 6:31:24.42 4:53:05.5 18.695 1.667 1.188 — - Ib – — ECL F 0.0 – nm
171 6:31:49.53 4:52:00.0 18.707 1.951 — — a – – — — F 42.3 –
172 6:31:48.31 4:52:38.8 18.760 2.219 — — - Ib II -1.48 CTTS* F 85.8 –
173 6:31:56.53 4:54:28.4 18.771 2.317 — — - – III -2.49 WTTS* F 86.9 –
174 6:31:41.13 4:55:51.5 18.777 2.242 — — a – – — — F 83.3 –
175 6:32:01.50 4:54:45.1 18.779 2.274 — — a Ib II -0.86 CTTS* F 86.3 –
176 6:32:01.11 4:54:49.8 18.797 2.538 — — a – – — — F 86.1 –
177 6:32:06.49 4:48:46.6 18.803 2.367 — — a – III -2.37 WTTS* F 40.0 –
178 6:31:41.58 4:59:40.5 18.814 2.146 — — a – – — — F 79.6 –
179 6:32:12.34 4:57:21.9 18.853 2.368 — — a Ib II -1.30 CTTS* F 84.3 –
180 6:32:26.57 4:52:38.3 18.865 2.122 — — - IA II -0.92 CTTS F 82.1 –
181 6:31:41.90 4:50:46.1 18.868 2.288 — — c Ia II -1.93 CTTS F 83.3 –
182 6:32:12.86 4:58:38.1 18.875 2.384 — — a – III -2.60 WTTS* F 70.0 –
183 6:31:43.35 4:57:24.9 18.934 2.264 — — a Ib II -1.68 CTTS* F 80.4 –
184 6:31:53.78 4:48:47.1 18.941 2.696 — — - Ib III -2.78 WTTS F 60.0 –
185 6:32:12.18 5:01:39.8 18.953 2.028 — — a – II -1.34 CTTS* F — –
186 6:31:44.92 4:56:00.2 18.963 2.617 — — - Ia II -1.34 CTTS F 0.0 –
187 6:31:47.79 4:52:23.9 18.973 2.326 — — - Ia II -0.61 CTTS F 66.8 –
188 6:31:50.35 4:57:39.0 18.994 2.493 — — a Ib – — — F 80.5 –
189 6:31:18.44 4:54:40.2 19.002 2.196 — — - Ia – — — F 85.8 –
190 6:32:04.47 4:58:26.2 19.014 2.276 — — c Ia III -1.96 WTTS F 86.1 –
191 6:32:16.16 4:59:20.1 19.060 2.420 — — c – II -1.06 CTTS* F 87.1 –
192 6:31:56.87 4:55:14.7 19.100 2.579 — — - Ib – — — F 83.9 –
193 6:31:54.93 4:51:36.1 19.121 2.327 — — - IA – — — F 80.2 –
194 6:32:30.12 4:55:22.2 19.187 2.431 — — - IA II -1.65 CTTS F 0.3 –
195 6:31:59.30 4:51:37.6 19.202 2.354 — — a – – — — F — –
196 6:31:39.88 4:56:39.2 19.224 2.363 — — - IA III -2.32 WTTS F 53.3 –
197 6:32:03.08 5:01:34.9 19.225 2.293 — — a IA II -0.98 CTTS F 63.2 –
198 6:32:06.99 4:48:03.8 19.227 2.390 — — b Ib – — — F 82.0 –
199 6:31:19.48 4:53:09.7 19.242 2.588 — — - Ib – — — F 52.1 –
200 6:31:58.92 4:57:43.2 19.242 2.351 — — - Ib II -1.28 CTTS* F 82.5 –
201 6:32:01.51 4:55:02.2 19.251 2.359 — — b Ib – — — F 86.1 –
202 6:31:42.59 4:52:56.2 19.256 2.743 — — a Ia II -0.81 CTTS F 58.1 –
203 6:32:27.50 4:52:51.3 19.272 2.489 — — c IA II -1.42 CTTS F — –
204 6:31:58.89 4:58:11.1 19.299 2.360 — — - IA II -0.60 CTTS F 78.2 –
205 6:32:20.34 4:53:20.7 19.368 1.623 — — - Ia – — ECL F 33.6 – nm
206 6:32:05.07 4:52:26.7 19.391 2.566 — — b Ia TD -1.99 WTTS F 44.7 –
207 6:32:35.69 4:47:46.0 19.402 2.592 — — - – FS -0.31 CTTS* F 0.7 –
208 6:31:30.72 4:52:15.0 19.418 2.384 — — c – II -1.24 CTTS* F 87.6 –
209 6:31:51.56 4:47:28.0 19.453 2.416 — — - IA II -0.52 CTTS F 78.5 –
210 6:31:52.21 4:52:40.0 19.553 2.443 — — a Ia II -1.10 CTTS F 22.4 –
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Table A1 – continued
Star R.Asc. Dec. V V –IC B–V U–B X
(1) Hα(2) Cl.(3) α(4) Var.(5) NIR(6) Prob.(7) Other(8) Notes(9)
(2000.0) (2000.0) mag mag mag mag type reg. [% ] name
211 6:31:32.87 4:59:49.5 19.590 2.092 — — a – II -1.33 CTTS T 86.9 – nm
212 6:32:24.01 4:56:59.3 19.593 2.594 — — c IA II -1.31 CTTS F 56.8 –
213 6:32:31.92 4:51:09.0 19.615 2.336 — — - Ia II -1.60 CTTS F 12.7 –
214 6:32:22.70 4:58:08.4 19.617 2.586 — — a IA II -1.28 CTTS F — –
215 6:31:29.84 4:51:10.7 19.645 2.604 — — a IA II -1.04 CTTS T — –
216 6:31:25.46 4:49:31.0 19.648 2.426 — — c Ia II -1.19 CTTS F 67.8 –
217 6:31:47.36 4:49:43.6 19.699 2.370 — — - Ib – — — F 60.3 –
218 6:32:10.37 4:52:05.9 19.703 2.534 — — - Ia II -1.19 CTTS F 65.4 –
219 6:31:59.36 4:49:55.0 19.784 2.581 — — b Ia II -1.34 CTTS F 72.2 –
220 6:31:58.73 4:53:46.9 19.880 2.205 — — - Ia II -1.84 CTTS F 20.8 – nm
221 6:31:29.41 4:50:34.9 19.881 2.516 — — a – – — — F 75.0 –
222 6:32:31.50 4:54:53.3 19.932 2.330 — — - IA III -2.03 WTTS T 74.3 –
223 6:32:32.66 4:57:01.1 19.976 2.685 — — - Ia II -1.28 CTTS F 75.7 –
224 6:31:36.59 5:05:15.2 19.984 3.013 — — - IA (II) (-0.54) CTTS F 71.6 –
225 6:32:08.95 5:01:51.3 19.984 2.311 — — - – – (-1.49) — F 69.3 –
226 6:31:57.58 4:53:39.0 20.002 2.617 — — a Ib II -0.82 CTTS* F 25.9 –
227 6:31:56.58 4:59:51.6 20.007 2.635 — — b – – — — F 57.8 –
228 6:32:23.92 4:54:21.0 20.077 2.405 — — - IA III -1.26 CTTS* F 7.4 –
229 6:31:43.36 4:54:23.0 20.131 2.083 — — - Ia II -1.74 CTTS F 35.8 – nm
230 6:31:32.48 5:06:05.5 20.178 2.972 — — - IA (II) (-0.93) CTTS F 75.0 –
231 6:31:41.05 4:54:19.9 20.193 2.779 — — b Ib II -0.94 CTTS T 0.0 –
232 6:31:58.10 4:54:15.0 20.199 2.206 — — - – II -1.00 CTTS* F 0.0 – nm
233 6:31:48.54 5:04:07.2 20.212 2.696 — — - Ia III -1.55 CTTS* F 53.7 –
234 6:31:55.47 5:00:54.2 20.242 2.480 — — - IA II -1.47 CTTS - 75.3 –
235 6:31:59.69 5:06:27.2 20.252 2.705 — — - Ib – — — F 46.4 –
236 6:32:30.20 4:54:01.3 20.297 2.306 — — - – II -1.19 CTTS* T 19.0 –
237 6:31:49.00 4:55:47.0 20.302 2.731 — — a – II -1.29 CTTS* F 55.7 –
238 6:32:03.65 4:59:52.2 20.396 2.589 — — a – II -1.32 CTTS* F 43.9 –
239 6:31:38.34 5:02:56.6 20.399 2.821 — — - Ia II -1.22 CTTS F 63.4 –
240 6:32:19.28 4:56:29.6 20.422 2.157 — — - IA – — — F 35.3 –
241 6:32:07.17 4:55:14.5 20.472 2.486 — — - – II -0.95 CTTS* F 39.5 –
242 6:31:28.41 4:50:35.2 20.495 2.475 — — - – II -0.83 CTTS* T — –
243 6:32:11.98 5:00:31.1 20.496 2.166 — — a Ia I 0.98 CTTS F 43.9 –
244 6:32:19.98 4:57:48.5 20.630 2.393 — — - – II -1.65 CTTS* F — –
245 6:32:28.81 4:52:56.1 20.751 2.090 — — - – II -1.63 CTTS* F — –
(1) a, b, c – X-ray variability from Wang et al. (2008):
a = no evidence for variability;
b = possibly variable;
c = definitely variable.
(2) Hα emission:
IA – stars with Hα emission above the empirical threshold in IPHAS (r′ −Hα) vs. (r′ − i′) colour-colour diagram (see Sect. 6.1);
Ia – stars with photometric EWHα > 10 A˚ based on IPHAS photometry (see Sect. 6.1);
Ib – stars with photometric EWHα between 0 and 10 A˚ based on IPHAS photometry (see Sect. 6.1);
BC – stars with Hα excess from Bergho¨fer & Christian (2002);
PS – stars with Hα excess from Park & Sung (2002).
(3) Classification based on Spitzer photometry (see Sect. 5):
I – Class I objects;
II – Class II objects;
TD – transition disks objects;
FS – flat spectrum objects with α index between -0.3 and 0.3;
FS? – flat spectrum objects with (K − [24]) colour between 6.75 and 8.31 (Sect. 5.1.3);
III – field stars and/or diskless YSOs (Class III);
(II) – Class II objects found based on WISE photometry in case of lack Spitzer photometry (see Sect. 5.3).
(4) Spectral index α = d log(λFλ)/d log(λ) calculated from the slope of the linear fit to the fluxes between the K band and the IRAC [8] µm band (Lada et al. 2006):
α > 0.3: Class I YSOs;
−0.3 < α < 0.3: flat spectrum objects;
−1.8 < α < −0.3: Class II YSOs;
α < −1.8: Class III objects.
α in brackets – spectral index found based on WISE photometry in case of lack Spitzer photometry (see Sect. 5.3).
(5) Variability type:
CTTS – the best candidates for CTTSs: Class II stars with photometric EWHα > 10 A˚ lying above CTTS line in (J −H) vs. (H −K) colour-colour diagram (Fig. 21);
CTTS? – additional candidates for CTTSs: objects lying above CTTS line in (J −H) vs. (H −K) colour-colour diagram and having spectra lindex α > −1.8
(Class III stars with photometric EWHα > 10 A˚ and Class II objects with photometric EWHα < 10 A˚ or without EWHα);
WTTS – candidates for WTTSs: objects lying above CTTS line with spectral index α < −1.8 (Class II with photometric EWHα < 10 A˚
or Class III objects with photometric 0 <EWHα < 10 A˚);
WTTS? – remaining objects lying above CTTS line.
(6) The area in (J −H) vs. (H −K) colour-colour diagram in Fig.21.
(7) Membership probability determined in Sect.4.
(8 Other name:
the other name of the star (from GCVS, HD catalogues or WEBDA number). The names from UKIDSS-DR6 catalogue (Lucas et al. 2008) are shown in Table A2
(9) Notes:
nm – non-member – the membership determined from V vs. (V − IC) colour-magnitude diagram.
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Table A2. 2MASS, UKIDSS, Spitzer and IPHAS infrared photometry of variable stars.
Star Name J H KS J H K [3.6] [4.5] [5.8] [8.0] [24] r i Hα
mag mag mag mag mag mag mag mag mag mag mag mag mag mag
1 J063200.60+045240.9 8.152 8.125 8.120 10.825 11.668 9.523 8.376 8.311 8.197 8.184 — — — —
2 J063133.11+045035.4 10.770 9.942 9.115 10.715 10.823 9.641 7.713 7.136 6.435 5.484 2.707 — — —
3 J063129.76+045449.1 11.449 10.887 9.690 11.371 11.148 9.843 7.422 6.753 6.061 4.740 1.783 12.22 11.89 11.57
4 J063125.42+050209.3 10.977 10.711 10.544 10.913 11.005 10.560 — — — — — — — —
5 J063130.87+045812.3 12.047 11.908 11.812 12.020 11.926 11.879 11.862 11.859 11.963 11.912 — 12.69 12.46 12.62
6 J063140.00+050556.4 9.684 8.956 8.274 10.209 11.272 9.477 — — — — — — — —
7 J063235.43+045158.6 12.227 11.902 11.829 12.244 11.928 11.864 11.837 12.015 11.794 11.698 — 13.20 12.80 12.94
8 J063230.89+044753.7 11.972 11.530 11.495 11.983 11.592 11.474 11.427 11.408 11.518 11.399 — 13.15 12.65 12.84
9 J063151.57+045417.5 11.981 11.314 10.613 12.057 11.611 10.828 9.974 9.560 8.479 6.669 2.591 13.38 12.98 12.98
10 J063141.12+045607.6 11.634 11.096 10.966 11.608 11.349 10.981 10.870 10.885 10.796 10.836 — 13.42 12.71 13.06
11 J063215.84+045430.0 11.583 10.947 10.769 11.652 11.148 10.825 10.705 10.681 10.622 10.458 — 13.68 12.87 13.24
12 J063219.94+044819.1 11.842 11.320 11.122 11.816 11.371 11.133 11.051 10.988 10.933 10.849 — 13.75 12.99 13.40
13 J063224.84+045746.2 12.613 12.175 12.075 12.597 12.189 12.079 12.023 12.132 11.956 11.985 — 13.78 13.26 13.46
14 J063207.08+045629.8 11.783 11.162 11.022 11.778 11.290 10.992 10.869 10.801 11.082 10.455 9.152 13.85 13.07 13.44
15 J063231.01+045005.9 12.070 11.571 11.092 12.120 11.572 11.041 10.345 10.056 9.674 8.544 5.986 13.90 13.22 13.52
16 J063228.07+045403.7 12.327 11.794 11.661 12.254 11.808 11.618 11.541 11.647 11.499 11.524 — 13.98 13.28 13.63
17 J063206.51+044755.3 11.970 11.224 10.344 12.593 11.567 10.329 8.949 8.454 7.971 7.449 5.548 13.48 12.98 13.16
18 J063206.36+050236.8 13.118 12.808 12.644 13.123 12.814 12.659 12.552 12.563 12.529 12.561 — 14.64 14.03 14.38
19 J063224.41+045222.6 12.872 12.225 12.074 12.771 12.219 12.014 11.895 11.899 11.838 11.791 — 14.80 14.02 14.40
20 J063209.97+045423.1 12.893 12.305 12.095 12.847 12.307 12.100 12.049 12.053 11.991 11.962 — 14.88 14.12 14.46
21 J063204.35+045758.1 12.954 12.477 12.369 13.026 12.577 12.391 12.252 12.275 12.213 12.296 — 14.76 14.07 14.40
22 J063205.41+045659.2 12.608 11.940 11.764 12.675 12.039 11.792 11.684 11.700 11.569 11.586 — 14.98 14.09 14.52
23 J063211.61+045357.0 12.967 12.270 12.107 12.914 12.288 12.056 12.072 11.983 12.044 11.942 — 15.23 14.35 14.82
24 J063147.38+045320.3 13.064 12.414 12.106 13.037 12.468 12.240 12.054 12.085 12.064 12.178 — 15.09 14.28 14.71
25 J063202.09+044855.4 13.116 12.488 12.210 13.087 12.482 12.258 12.142 12.180 12.136 12.108 — 15.27 14.42 14.90
26 J063221.47+045027.4 13.134 12.409 12.181 13.055 12.406 12.168 12.061 12.072 12.073 12.004 — 15.39 14.49 15.00
27 J063157.47+045504.4 13.438 12.789 12.590 13.397 12.780 12.564 12.535 12.598 12.427 12.308 — 15.52 14.70 15.09
28 J063159.93+045109.9 13.266 12.580 12.348 13.290 12.654 12.412 12.312 12.196 12.071 12.092 — 15.52 14.64 15.09
29 J063130.58+045835.7 14.405 13.965 13.841 14.361 13.953 13.858 — — — — — 15.81 15.23 15.49
30 J063151.41+045728.4 13.097 12.306 12.088 12.948 12.301 12.054 11.957 11.923 11.880 11.755 — 15.47 14.54 14.99
31 J063148.13+045337.9 13.124 12.418 12.218 13.101 12.476 12.236 12.220 12.163 12.089 12.050 — 15.45 14.57 15.03
32 J063200.30+050041.9 13.178 12.421 12.203 13.158 12.480 12.235 12.015 12.114 12.029 11.976 — 15.56 14.62 15.11
33 J063211.64+045027.0 13.646 12.988 12.821 13.646 13.034 12.810 12.736 12.657 12.668 12.528 — 15.82 14.98 15.41
34 J063203.37+045235.9 13.132 12.345 11.971 13.725 12.963 12.447 11.478 11.313 10.911 10.193 7.806 15.30 14.40 14.87
35 J063204.72+044914.8 13.524 12.848 12.622 13.480 12.852 12.635 12.669 12.617 12.598 12.412 — 15.78 14.91 15.37
36 J063133.43+045825.9 14.638 14.283 14.008 14.615 14.238 14.146 — — — — — 16.05 15.47 15.74
37 J063128.44+045450.3 13.753 13.089 12.884 13.736 13.129 12.941 — — — — — 15.96 15.13 15.57
38 J063206.02+045031.2 13.298 12.570 12.374 13.319 12.610 12.357 12.260 12.371 12.235 12.182 — 15.81 14.84 15.36
39 J063156.29+045416.1 13.261 12.473 12.252 13.214 12.523 12.258 12.160 12.277 12.125 12.113 — 15.88 14.89 15.36
40 J063205.89+045705.3 13.177 12.399 12.192 13.174 12.469 12.199 11.993 12.003 11.930 11.878 — 15.86 14.83 15.33
41 J063150.55+045553.0 13.199 12.365 12.136 13.139 12.413 12.131 11.996 11.996 11.841 11.924 — 15.90 14.82 15.35
42 J063200.93+045155.9 13.413 12.632 12.340 13.314 12.599 12.275 11.927 11.413 10.494 9.146 6.151 15.85 14.86 15.38
43 J063202.10+045647.1 13.327 12.597 12.334 13.295 12.611 12.350 12.169 12.145 12.097 11.997 — 15.87 14.89 15.37
44 J063157.30+045451.4 13.117 12.299 12.008 13.123 12.412 12.093 11.726 11.539 11.528 11.162 7.731 16.04 15.00 15.44
45 J063143.85+050257.4 13.273 12.379 11.973 13.154 12.365 11.990 11.146 10.703 10.117 9.063 4.920 16.62 15.42 15.89
46 J063230.92+045007.2 — — — — 13.064 12.841 — — — — — 16.29 15.45 15.85
47 J063215.02+045235.4 13.345 12.503 11.985 13.738 12.808 12.137 11.508 11.214 11.164 10.827 6.375 16.22 15.25 15.60
48 J063151.63+045124.0 13.155 12.365 12.125 13.166 12.425 12.147 11.978 11.941 11.851 11.752 — 16.03 14.92 15.49
49 J063148.30+045820.2 12.428 11.573 11.084 12.538 11.724 11.429 10.457 10.119 9.908 9.456 6.390 — — —
50 J063204.53+045325.0 13.589 12.705 12.226 13.541 12.770 12.324 11.513 11.241 10.996 10.362 7.069 16.16 15.22 15.59
51 J063213.83+044936.5 13.851 13.074 12.811 13.753 13.041 12.806 12.712 12.816 12.624 12.745 — 16.29 15.33 15.83
52 J063205.21+044827.8 14.779 14.314 14.073 14.752 14.304 14.138 — — — — — 16.45 15.76 16.14
53 J063221.40+045403.9 14.130 13.450 13.291 14.134 13.516 13.319 — — — — — 16.20 15.39 15.80
54 J063207.71+050524.3 14.474 14.017 13.756 14.942 14.572 14.431 — — — — — 16.38 15.65 16.03
55 J063125.81+045814.0 13.637 12.941 12.612 13.702 13.043 12.785 12.516 12.510 12.435 12.545 — 16.25 15.26 15.70
56 J063231.59+045525.0 13.434 12.688 12.399 13.401 12.662 12.405 12.299 12.265 12.184 11.940 — 16.23 15.14 15.70
57 J063223.18+050057.1 13.670 12.902 12.703 13.777 13.081 12.804 12.593 12.539 12.596 12.405 — 16.25 15.32 15.83
58 J063206.69+045530.5 13.570 12.725 12.449 13.433 12.689 12.331 11.902 11.547 11.077 10.050 7.040 16.32 15.25 15.79
59 J063132.01+050516.1 14.289 13.607 13.418 14.280 13.676 13.437 — — — — — 16.42 15.61 16.05
60 J063149.25+045700.8 13.700 12.847 12.269 13.788 12.966 12.354 11.572 11.177 10.791 10.137 — 16.29 15.30 15.61
61 J063141.98+045418.2 13.887 13.175 12.896 13.937 13.237 12.863 12.465 12.189 12.003 11.171 6.183 16.48 15.59 15.52
62 J063150.78+045434.7 13.825 13.006 12.787 13.660 12.970 12.684 12.561 12.537 12.495 12.604 — 16.32 15.33 15.81
63 J063140.86+045901.0 15.052 14.592 14.322 15.081 14.617 14.472 — — — — — 16.68 16.06 16.37
64 J063218.03+044902.0 13.914 13.103 12.828 13.833 13.101 12.849 12.927 12.748 12.770 12.681 — 16.59 15.56 16.10
65 J063216.13+045529.9 13.075 12.171 11.487 13.421 12.370 11.475 10.461 9.983 9.513 8.369 5.002 17.58 16.39 16.75
66 J063159.25+050117.1 13.488 12.645 12.233 13.402 12.584 12.107 11.485 11.230 10.922 10.395 7.157 16.33 15.18 15.76
67 J063128.83+045213.1 13.621 12.770 12.400 13.573 12.844 12.388 11.341 10.933 10.522 9.971 7.706 16.46 15.42 15.52
68 J063159.33+050559.9 14.796 14.189 14.015 14.744 14.232 14.029 — — — — — 16.59 15.82 16.17
69 J063217.57+045308.2 14.002 13.123 12.689 13.935 13.064 12.457 11.635 11.347 10.947 10.466 7.487 16.69 15.69 16.27
70 J063220.82+050416.4 13.901 13.037 12.778 14.037 13.233 12.796 12.442 12.075 11.875 10.904 7.144 16.30 15.36 15.83
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Star Name J H KS J H K [3.6] [4.5] [5.8] [8.0] [24] r i Hα
mag mag mag mag mag mag mag mag mag mag mag mag mag mag
71 J063214.74+045023.6 13.794 12.906 12.676 13.780 12.999 12.723 12.728 12.581 12.604 12.609 — 16.55 15.44 16.01
72 J063134.30+050416.0 — — — 15.138 14.812 14.535 — — — — — 16.89 16.25 16.63
73 J063205.92+045727.6 13.449 12.502 12.068 13.622 12.735 12.176 11.887 11.212 10.869 9.991 6.671 16.70 15.50 15.90
74 J063157.34+045342.3 13.958 13.091 12.824 13.934 13.208 12.910 12.233 12.060 11.874 11.360 — 16.40 15.45 15.96
75 J063143.91+050238.9 14.923 14.384 14.376 14.858 14.449 14.256 — — — — — 16.87 16.08 16.60
76 J063207.82+045228.4 14.030 13.208 12.764 14.067 13.225 12.683 11.990 11.504 11.249 10.485 8.159 16.74 15.73 15.95
77 J063151.48+045132.0 13.398 12.573 12.195 13.665 12.805 12.334 11.663 11.418 11.142 10.747 8.500 16.82 15.58 16.16
78 J063220.34+045841.7 13.860 13.065 12.780 13.810 13.053 12.775 12.719 12.652 12.639 12.668 — 16.85 15.69 16.25
79 J063208.01+045033.5 13.933 13.088 12.806 13.856 13.116 12.802 12.583 12.514 12.496 12.426 — 16.53 15.46 16.10
80 J063204.68+044745.5 13.726 12.849 12.282 13.873 13.039 12.506 11.861 11.608 11.086 10.519 8.347 16.70 15.67 16.12
81 J063157.18+045011.9 13.749 12.854 12.625 13.700 12.957 12.644 12.560 12.467 12.571 12.460 — 16.66 15.48 16.08
82 J063151.64+045505.2 13.908 13.013 12.452 13.915 13.127 12.637 11.932 11.593 11.422 10.831 6.583 16.85 15.80 16.24
83 J063127.84+045002.9 13.792 12.802 12.006 13.491 12.531 11.613 10.551 10.096 9.658 8.979 6.007 16.42 15.60 15.26
84 J063216.67+044938.2 14.231 13.414 13.063 14.118 13.395 13.137 12.369 11.963 11.565 10.409 5.509 16.80 15.78 16.30
85 J063220.25+045755.6 14.063 13.193 12.940 14.033 13.295 13.031 12.658 12.557 12.358 12.211 — 16.75 15.69 16.26
86 J063205.44+045729.9 13.888 13.066 12.788 13.902 13.142 12.878 12.693 12.706 12.651 12.766 — 16.72 15.58 16.16
87 J063159.12+045525.9 13.733 12.866 12.561 13.702 12.942 12.596 12.096 11.901 11.674 11.188 — 16.82 15.64 16.21
88 J063141.02+045447.8 14.178 13.363 12.954 14.118 13.345 12.890 12.273 11.967 11.601 10.800 8.314 16.68 15.72 15.94
89 J063223.11+044943.2 13.649 12.700 12.286 13.643 12.768 12.279 11.715 11.450 11.120 10.478 7.296 16.80 15.55 16.27
90 J063150.44+045638.2 13.111 13.038 12.783 13.802 13.116 12.801 12.308 12.157 11.927 11.696 — 16.68 15.58 16.12
91 J063222.77+050031.8 14.259 13.513 13.303 14.215 13.471 13.240 13.130 13.119 12.943 13.065 — 16.96 15.94 16.53
92 J063130.02+050045.6 14.824 14.327 14.028 14.815 14.387 14.087 — — — — — 17.07 16.21 16.81
93 J063210.65+045132.7 14.200 13.407 13.137 14.138 13.409 13.131 13.120 12.948 12.942 13.047 — 16.97 15.89 16.54
94 J063121.42+045405.7 14.060 13.249 12.998 13.982 13.278 13.007 — — — — — 16.78 15.71 16.29
95 J063143.88+050356.5 14.366 13.620 13.379 14.450 13.767 13.491 — — — — — 16.88 15.93 16.42
96 J063223.41+045239.1 13.879 13.012 12.692 13.872 13.089 12.740 12.360 12.167 11.917 11.335 7.676 16.85 15.65 16.22
97 J063144.47+050342.2 14.179 13.379 13.138 14.140 13.436 13.152 13.037 13.011 13.028 12.838 — 16.84 15.77 16.28
98 J063136.42+045313.8 13.843 12.930 12.511 13.832 13.021 12.501 12.062 11.507 11.130 10.316 7.467 17.15 15.98 16.44
99 J063204.66+045451.5 13.801 12.920 12.538 13.732 12.959 12.568 12.040 11.813 11.624 11.042 8.214 16.70 15.57 16.00
100 J063146.07+045430.7 14.001 13.176 12.874 13.982 13.269 12.965 12.917 12.783 12.817 12.749 — 16.98 15.83 16.45
101 J063150.25+050007.6 14.214 13.473 13.107 14.211 13.451 13.162 12.942 12.793 12.539 12.171 9.160 16.92 15.83 16.38
102 J063120.86+050408.5 14.068 13.227 12.711 14.357 13.464 12.947 12.188 11.974 11.745 11.030 7.401 16.91 15.85 16.35
103 J063138.78+045524.8 14.035 13.258 12.975 14.058 13.319 13.055 12.816 12.800 12.758 12.605 — 16.99 15.83 16.40
104 J063150.43+045150.1 14.224 13.339 12.796 14.298 13.412 12.836 12.244 11.963 11.805 11.460 7.143 17.20 16.14 16.35
105 J063220.79+045258.2 14.216 13.411 13.274 14.225 13.475 13.206 13.040 12.894 12.953 12.898 — 16.98 15.89 16.40
106 J063201.15+045527.3 14.148 13.344 13.143 14.205 13.467 13.206 12.904 12.744 12.644 12.230 — 16.82 15.75 16.28
107 J063214.81+044855.3 14.372 13.577 13.343 14.414 13.661 13.386 13.223 13.207 13.190 13.118 — 17.06 16.00 16.57
108 J063147.56+044907.7 14.301 13.588 13.256 14.266 13.545 13.266 13.054 13.053 12.933 13.158 — 17.13 16.02 16.62
109 J063155.25+045329.9 14.096 13.316 13.111 14.165 13.483 13.192 13.007 13.008 12.832 13.181 — 17.04 15.93 16.53
110 J063210.88+045706.1 14.403 13.620 13.388 14.370 13.632 13.381 13.272 13.228 13.069 13.100 — 17.01 16.00 16.48
111 J063155.81+045127.3 14.243 13.424 13.170 14.190 13.453 13.153 — — — — — 17.21 16.05 16.67
112 J063155.60+045517.2 — — — 14.432 13.608 13.198 12.722 12.632 12.374 11.877 7.660 17.02 15.98 16.42
113 J063145.37+045902.3 14.241 13.401 13.149 14.128 13.376 13.095 12.914 12.897 12.850 12.654 — 16.87 15.85 16.40
114 J063223.83+050613.6 — — — 15.675 15.018 15.046 — — — — — — — —
115 J063157.60+050229.1 14.410 13.496 13.204 14.215 13.463 13.101 12.672 12.407 12.087 11.425 — 17.18 16.01 16.52
116 J063136.86+045104.3 13.634 12.650 12.059 13.423 12.552 11.873 11.592 11.124 10.527 9.288 5.913 16.11 15.08 15.63
117 J063229.24+050515.8 14.617 13.824 13.611 14.612 13.860 13.623 — — — — — 17.20 16.18 16.57
118 J063127.65+045402.7 13.936 13.154 12.815 13.941 13.204 12.901 12.751 12.682 12.573 12.435 — 17.07 15.78 16.45
119 J063200.57+050533.4 14.095 13.397 13.318 14.317 13.882 13.593 — — — — — — — —
120 J063225.12+045514.3 14.380 13.563 13.084 14.572 13.780 13.338 12.442 12.229 11.896 11.361 9.181 17.37 16.31 16.91
121 J063155.51+045346.8 — — — 14.179 13.432 13.086 12.464 12.118 11.761 10.899 8.346 17.29 16.11 16.69
122 J063148.72+045520.9 14.588 13.742 13.412 14.496 13.758 13.472 — — — — — 17.18 16.11 16.65
123 J063200.47+045946.8 14.520 13.680 13.470 14.402 13.684 13.391 13.241 13.240 13.104 12.966 — 17.39 16.27 16.84
124 J063155.02+045320.8 14.212 13.328 13.102 14.208 13.457 13.121 12.971 12.931 12.809 12.797 — 17.17 15.98 16.59
125 J063209.91+045015.0 14.583 13.701 13.460 14.577 13.806 13.532 — — — — — 17.27 16.21 16.80
126 J063207.55+045615.2 14.122 13.328 13.088 14.132 13.388 13.076 12.919 13.091 12.725 12.872 — 17.31 16.06 16.70
127 J063210.91+045502.4 14.637 13.789 13.420 14.617 13.828 13.408 12.922 12.628 12.225 11.577 — 17.38 16.39 16.75
128 J063227.18+045241.8 14.786 14.079 13.887 14.876 14.131 13.884 — — — — — 17.31 16.32 16.87
129 J063147.43+045331.5 14.264 13.465 13.188 14.320 13.546 13.243 — — — — — 17.28 16.08 16.72
130 J063147.69+045649.7 14.228 13.387 13.127 14.235 13.486 13.183 12.958 12.886 12.768 12.915 — 17.36 16.10 16.74
131 J063205.07+045546.8 14.684 13.457 12.551 14.164 13.141 12.289 11.386 10.950 10.583 9.712 6.496 16.96 16.05 16.43
132 J063156.92+045302.0 14.515 13.563 13.179 14.369 13.481 12.957 12.400 12.098 11.742 11.229 — 17.26 16.16 16.73
133 J063201.83+045338.6 14.262 13.320 12.906 14.212 13.425 12.950 12.264 12.155 11.689 10.916 7.338 17.16 16.10 16.28
134 J063136.76+045309.9 14.746 13.675 13.160 14.802 13.929 13.490 12.853 12.515 12.105 11.087 7.671 17.70 16.49 17.14
135 J063154.59+045941.5 14.816 14.003 13.698 14.788 14.082 13.793 — — — — — 17.46 16.41 16.97
136 J063157.08+045436.4 14.388 13.529 13.363 14.381 13.618 13.323 13.186 13.140 13.159 13.063 — 17.36 16.18 16.78
137 J063208.28+045056.4 14.461 13.603 13.344 14.299 13.550 13.270 — — — — — 17.31 16.12 16.81
138 J063202.92+045853.9 14.372 13.588 13.341 14.457 13.694 13.417 13.148 13.165 12.972 13.113 — 17.45 16.19 16.82
139 J063152.00+045408.3 14.633 13.834 13.410 14.611 13.875 13.560 — — — — — 17.59 16.48 16.99
140 J063207.66+045433.6 14.604 13.794 13.493 14.537 13.763 13.447 13.223 13.070 12.870 11.748 7.621 17.52 16.38 17.05
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Star Name J H KS J H K [3.6] [4.5] [5.8] [8.0] [24] r i Hα
mag mag mag mag mag mag mag mag mag mag mag mag mag mag
141 J063159.62+045216.8 14.161 13.353 13.160 14.168 13.439 13.127 12.868 12.845 12.745 12.589 — 16.95 15.86 16.39
142 J063139.61+045945.0 14.117 13.132 12.650 14.099 13.192 12.627 12.005 11.655 11.484 10.823 7.916 17.64 16.20 16.74
143 J063149.80+044906.8 14.372 13.501 13.216 14.389 13.630 13.303 13.024 12.993 13.035 12.890 — 17.47 16.18 16.81
144 J063159.69+045535.9 14.320 13.471 13.292 14.352 13.574 13.277 13.151 13.063 13.135 12.960 — 17.57 16.27 16.99
145 J063148.05+045048.3 14.152 13.253 12.763 14.311 13.427 12.843 12.194 11.725 11.129 10.210 7.033 17.53 16.20 16.48
146 J063143.56+045949.0 14.450 13.652 13.360 14.478 13.720 13.427 — — — — — 17.58 16.38 16.99
147 J063130.24+045148.3 14.612 13.623 13.190 14.649 13.799 13.227 12.300 11.916 11.651 11.116 7.916 17.94 16.73 17.15
148 J063137.21+045657.2 14.715 13.917 13.716 14.753 13.997 13.759 — — — — — 17.45 16.36 16.95
149 J063201.02+045731.7 14.608 13.633 13.142 14.863 13.929 13.374 12.493 12.220 11.762 11.106 — 17.57 16.42 16.86
150 J063147.45+045832.7 14.658 13.874 13.566 14.547 13.767 13.474 13.286 13.278 13.205 13.063 — 17.66 16.52 17.17
151 J063215.12+045957.4 14.490 13.672 13.364 14.397 13.616 13.336 13.158 13.142 13.115 12.801 — — — —
152 J063147.58+045052.9 14.205 13.137 12.630 14.195 13.309 12.741 11.702 11.386 11.057 10.259 6.765 17.47 16.16 16.74
153 J063225.76+045823.1 14.358 13.491 13.229 14.260 13.493 13.209 — — — — — 17.64 16.24 16.99
154 J063222.26+044714.0 14.430 13.504 13.310 14.727 13.871 13.543 13.058 13.029 12.918 13.018 — 17.66 16.28 16.81
155 J063139.55+045338.5 14.619 13.622 13.050 14.648 13.782 13.142 12.363 12.351 11.923 10.994 — 17.81 16.72 16.65
156 J063209.32+045241.4 14.295 13.455 13.221 14.332 13.568 13.271 13.098 13.022 13.019 13.098 — 17.49 16.12 16.64
157 J063152.55+045817.2 14.522 13.732 13.447 14.563 13.818 13.511 13.249 13.224 13.000 13.174 — 17.61 16.41 17.01
158 J063156.78+045351.0 14.699 13.873 13.352 14.737 13.974 13.622 13.182 13.020 12.843 11.845 7.222 17.66 16.50 17.09
159 J063146.10+045750.7 14.687 13.913 13.679 14.697 13.968 13.676 — — — — — 17.67 16.53 17.13
160 J063132.09+045738.7 14.852 13.978 13.704 14.776 14.016 13.732 13.345 13.136 13.043 12.194 8.156 17.76 16.61 17.17
161 J063145.11+045126.2 14.905 14.127 13.837 14.823 14.070 13.788 — — — — — 17.93 16.68 17.38
162 J063158.14+044829.8 14.723 13.890 13.651 14.754 13.968 13.660 — — — — — 17.98 16.75 17.40
163 J063130.95+044848.3 14.606 13.687 13.194 14.638 13.811 13.364 12.800 12.529 12.239 11.073 8.170 17.95 16.60 17.24
164 J063212.21+045632.7 14.833 14.054 13.721 14.855 14.058 13.793 — — — — — 17.84 16.67 17.49
165 J063139.17+044959.4 14.824 13.662 12.933 14.950 13.964 13.211 12.508 12.107 11.811 10.929 7.308 18.06 16.86 16.92
166 J063148.89+045609.2 14.807 14.002 13.566 14.837 14.090 13.710 13.186 12.924 12.451 11.715 — 17.54 16.47 16.96
167 J063139.30+045400.9 14.418 13.613 13.346 14.512 13.755 13.446 — — — — — 17.74 16.42 17.09
168 J063230.05+045726.2 14.989 14.153 14.014 15.004 14.227 13.964 — — — — — 17.95 16.79 17.23
169 J063141.97+045416.2 — — — 14.713 13.988 13.676 — — — — — 18.06 16.79 17.11
170 J063124.42+045305.4 — — — 15.758 15.168 14.932 — — — — — 18.36 17.43 17.79
171 J063149.52+045200.0 15.281 14.458 14.273 15.150 14.414 14.144 — — — — — 17.86 16.78 17.47
172 J063148.31+045238.8 14.179 13.935 13.364 14.730 13.840 13.314 12.764 12.537 12.163 11.601 8.017 17.87 16.58 17.18
173 J063156.53+045428.3 14.811 13.949 13.687 14.755 13.979 13.680 13.509 13.518 13.381 13.221 — 17.97 16.67 17.37
174 J063141.13+045551.4 14.880 14.021 13.727 14.841 14.053 13.775 — — — — — 17.88 16.68 17.38
175 J063201.49+045445.0 14.569 13.656 13.124 14.485 13.643 13.118 12.249 11.855 11.504 10.507 7.474 17.62 16.40 16.98
176 J063201.10+045449.7 14.400 13.692 13.388 14.380 13.669 13.337 — — — — — 17.96 16.49 17.35
177 J063206.48+044846.5 14.792 13.873 13.565 14.652 13.842 13.547 13.494 13.403 13.308 13.082 — 17.84 16.58 17.33
178 J063141.57+045940.4 15.094 14.276 14.069 15.033 14.269 13.999 — — — — — 18.10 16.91 17.52
179 J063212.33+045721.7 15.176 14.072 13.443 14.837 13.953 13.527 12.504 12.107 11.746 11.155 8.541 18.08 16.79 17.37
180 J063226.57+045238.3 14.901 13.914 13.589 14.965 14.157 13.714 12.848 12.447 12.067 11.162 8.126 18.02 16.86 16.76
181 J063141.90+045046.1 15.021 14.184 13.789 14.874 14.093 13.646 13.350 13.116 12.986 12.530 8.148 18.26 17.01 17.44
182 J063212.85+045837.9 14.546 13.777 13.575 14.662 13.902 13.573 13.274 13.226 13.262 13.041 — 17.97 16.65 17.38
183 J063143.35+045724.8 15.181 14.273 13.911 15.249 14.376 13.979 13.313 13.063 12.816 12.298 — 18.06 16.81 17.35
184 J063153.77+044847.0 14.535 13.608 13.298 14.550 13.741 13.441 13.160 13.133 13.088 13.110 — 18.13 16.53 17.33
185 J063212.18+050139.8 15.252 14.317 13.934 15.196 14.436 14.036 13.635 13.188 12.821 12.319 — 18.22 17.04 17.68
186 J063144.91+045600.1 14.117 13.192 12.625 14.281 13.354 12.658 12.047 11.609 11.289 10.720 — 18.68 17.03 17.71
187 J063147.79+045223.9 15.149 14.101 13.367 14.877 13.949 13.325 12.580 12.027 11.495 10.633 7.767 18.41 17.10 17.66
188 J063150.35+045738.9 14.754 13.925 13.633 14.779 14.011 13.690 — — — — — 18.15 16.72 17.43
189 J063118.43+045440.1 14.932 14.086 13.652 14.942 14.113 13.704 — — — — — 18.48 17.27 17.66
190 J063204.46+045826.1 14.885 13.959 13.706 14.894 14.126 13.790 13.337 13.190 13.087 12.550 — 18.12 16.85 17.37
191 J063216.16+045920.0 14.761 13.856 13.535 14.685 13.862 13.446 13.077 12.803 12.436 11.524 7.253 17.87 16.62 17.37
192 J063156.86+045514.7 14.639 13.802 13.509 14.645 13.873 13.541 — — — — — 18.22 16.75 17.49
193 J063154.92+045136.1 15.152 14.241 14.037 15.166 14.324 13.967 — — — — — 18.26 17.00 17.18
194 J063230.12+045522.1 15.221 14.120 13.594 15.342 14.297 13.563 12.666 12.473 12.129 11.649 9.101 18.61 17.24 17.48
195 J063159.29+045137.5 15.057 14.254 14.002 15.104 14.344 14.016 — — — — — 17.97 16.75 17.50
196 J063139.87+045639.1 15.053 14.099 13.615 15.086 14.182 13.693 12.894 12.675 12.557 12.431 — 18.12 16.97 17.00
197 J063203.08+050134.8 — — — 15.115 14.204 13.626 13.038 12.731 12.296 11.431 7.793 18.42 17.15 17.30
198 J063206.98+044803.7 15.148 14.327 14.068 15.198 14.386 14.094 — — — — — 18.35 17.05 17.66
199 J063119.47+045309.6 14.828 13.963 13.574 14.851 14.011 13.699 — — — — — 18.29 16.86 17.55
200 J063158.91+045743.0 15.307 14.407 13.995 15.176 14.380 13.983 13.565 13.369 12.975 12.229 — 18.31 17.03 17.65
201 J063201.50+045502.2 15.170 14.232 13.953 15.187 14.417 14.109 — — — — — 18.13 16.88 17.46
202 J063142.58+045256.1 14.717 13.801 13.523 14.684 13.915 13.482 12.477 12.029 11.510 10.717 8.332 18.24 16.69 17.31
203 J063227.50+045251.3 14.791 13.810 13.291 14.810 13.927 13.361 12.506 12.305 11.828 11.318 8.036 17.95 16.72 16.88
204 J063158.89+045811.0 15.092 14.188 13.741 15.016 14.181 13.673 12.995 12.618 12.015 11.079 — 18.22 17.07 16.92
205 J063220.33+045320.7 — — — 16.371 15.790 15.621 — — — — — 18.57 17.65 17.78
206 J063205.07+045226.7 14.898 14.070 13.917 14.880 14.110 13.711 13.429 13.320 13.209 12.671 9.495 18.31 16.85 17.36
207 J063235.67+044745.8 16.015 14.689 13.978 15.453 14.280 13.573 12.815 12.250 11.677 10.606 7.075 — — —
208 J063130.72+045214.9 15.295 14.317 13.909 15.249 14.484 14.120 13.476 13.182 13.092 12.017 8.947 18.53 17.18 17.93
209 J063151.55+044727.9 15.185 14.235 13.511 15.253 14.222 13.510 12.406 11.785 11.306 10.358 7.449 18.71 17.28 17.45
210 J063152.20+045240.0 15.234 14.430 13.965 15.269 14.482 14.094 13.530 13.158 12.833 11.995 — 18.83 17.34 17.94
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Star Name J H KS J H K [3.6] [4.5] [5.8] [8.0] [24] r i Hα
mag mag mag mag mag mag mag mag mag mag mag mag mag mag
211 J063132.86+045949.4 14.692 13.605 12.884 14.831 13.623 12.586 11.782 11.281 11.074 10.411 7.183 17.53 16.46 17.04
212 J063224.01+045659.1 14.971 14.072 13.710 14.895 14.096 13.721 13.190 12.786 12.508 11.833 — 18.30 16.94 17.21
213 J063231.91+045109.0 15.632 14.511 13.928 15.446 14.433 13.815 13.146 12.828 12.641 12.037 8.787 18.80 17.41 17.78
214 J063222.70+045808.2 15.048 14.198 13.645 15.040 14.213 13.630 12.673 12.296 12.020 11.294 7.954 18.67 17.26 17.58
215 J063129.84+045110.6 15.015 13.671 12.738 14.962 13.799 12.645 11.434 10.849 10.390 9.858 6.408 19.13 17.61 17.46
216 J063125.45+044930.9 15.345 14.550 14.154 15.206 14.393 13.981 13.424 13.167 12.756 12.007 — 18.84 17.45 17.80
217 J063147.36+044943.6 — — — 15.631 14.849 14.562 — — — — — 18.95 17.59 18.21
218 J063210.36+045205.8 15.246 14.210 13.833 15.127 14.188 13.635 12.966 12.623 12.234 11.533 9.052 18.64 17.14 17.66
219 J063159.35+044954.9 15.098 14.160 13.819 15.317 14.441 13.968 13.398 13.154 12.654 12.137 — 18.77 17.41 17.89
220 J063158.73+045346.8 15.676 14.596 14.014 15.615 14.666 14.110 13.389 13.171 12.940 12.520 — 18.99 17.49 18.04
221 J063129.40+045034.8 15.592 14.708 14.524 15.642 14.889 14.560 — — — — — 19.45 17.88 18.83
222 J063231.50+045453.2 15.803 14.754 14.115 15.686 14.751 14.018 13.059 12.606 12.599 12.284 — 18.76 17.80 16.72
223 J063232.66+045701.0 15.437 14.670 14.346 15.452 14.702 14.341 14.166 13.750 13.465 12.783 — 19.67 17.65 18.39
224 J063136.58+050515.3 14.963 13.909 13.352 14.874 14.010 13.352 — — — — — 19.13 17.20 17.80
225 J063208.95+050151.3 — — — 15.208 14.300 13.794 — — — — — — — —
226 J063157.57+045339.0 15.458 14.236 13.682 15.555 14.477 13.819 12.786 12.435 12.041 11.019 — 18.33 16.95 17.62
227 J063156.58+045951.4 — — — 15.546 14.771 14.449 — — — — — — — —
228 J063223.92+045420.9 15.729 14.817 14.505 15.820 14.977 14.412 13.802 13.651 13.269 12.451 — 19.16 17.81 17.42
229 J063143.35+045422.9 15.681 14.541 14.115 15.881 14.983 14.313 13.340 12.973 12.878 12.333 8.816 19.65 18.16 18.66
230 J063132.47+050605.6 15.521 14.313 13.610 15.017 14.195 13.583 — — — — — 19.59 17.67 17.98
231 J063141.05+045419.8 15.119 14.184 13.765 15.715 14.768 14.024 12.998 12.679 12.330 11.334 — 19.79 17.95 18.78
232 J063158.09+045414.9 16.183 14.676 13.719 15.981 14.687 13.707 12.477 11.986 11.488 10.882 8.869 — — —
233 J063148.53+050407.2 15.631 14.840 14.229 15.956 15.110 14.548 14.097 13.897 13.686 12.956 9.021 19.34 17.70 18.27
234 J063155.47+050054.1 15.802 14.731 14.218 17.567 15.391 14.548 13.238 12.860 12.560 12.031 — 18.91 17.68 17.21
235 J063159.68+050627.2 15.255 14.223 13.831 15.335 14.418 13.868 — — — — — 19.68 17.78 18.71
236 J063230.20+045401.2 15.550 14.586 13.858 16.199 15.033 14.001 12.760 12.289 11.905 11.308 7.806 — — —
237 J063149.00+045547.0 15.626 14.726 14.111 15.598 14.818 14.333 13.808 13.465 13.183 12.442 — — — —
238 J063203.65+045952.1 — — — 15.650 14.755 14.151 13.639 13.176 12.822 12.300 — — — —
239 J063138.33+050256.5 15.284 14.229 13.665 15.281 14.345 13.640 12.861 12.543 12.154 11.459 — 19.75 17.73 18.38
240 J063219.28+045629.4 — — — 16.325 15.495 14.984 — — — — — 19.73 18.37 17.59
241 J063207.16+045514.4 — — — 16.120 15.231 14.658 14.444 14.033 13.752 12.758 9.224 — — —
242 J063128.39+045035.1 16.038 15.049 14.361 16.009 15.053 14.250 13.198 12.688 12.127 11.468 8.130 — — —
243 J063211.98+050030.9 — — — 15.460 14.286 13.403 13.285 12.081 11.079 9.951 6.449 19.56 18.57 18.56
244 J063219.98+045748.3 — — — 16.182 15.293 14.618 13.802 13.329 13.099 12.733 — — — —
245 J063228.81+045255.9 — — — 16.086 15.234 14.743 14.195 13.905 13.566 13.154 — — — —
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Figure A1. Phase diagrams of B (blue), V (green) and I (red) observations of other periodic variables found in observed field of NGC 2244 (see
Sect. 3.3).
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Figure A1 – continued
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Figure A2. Light curves of B (blue), V (green) and I (red) observations of irregular variables found in observed field of NGC 2244(see Sect.3.4).
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Figure A2 – continued
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